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Executive summary 
 The biodiversity of Australia is undergoing serious and ongoing declines, resulting principally 
from loss and fragmentation of native vegetation through agricultural development. These 
problems are especially critical in areas such as the New South Wales tablelands, where 
clearance of native woodlands for agriculture has resulted in large population losses for many 
native species. 
 
 The Western Woodlands Way (WWW) is a large scale response to this, a vision shared by the 
community, individuals, groups, and governments, also aimed at mitigating climate change 
threats likely to cause native animal and plant extinctions and impacts to water catchments and 
supplies. 
 
 This report develops the scientific basis for prioritizing ecological restoration activity that will 
increase the extent of suitable habitat for woodland-dependent threatened species in the 
region, as well as increasing the degree of connectivity across the landscape. 
 
 A broad scale prioritization analysis reveals about 1400 properties that are key to fulfilling these 
joint biodiversity and connectivity objectives, and explicitly maps where these priorities occur 
within the WWW region. Funding in the region of $130 million is required to realize this 
programme in full for active revegetation and about a tenth of this for applying strategic grazing. 
 
 Through a fine-scale scenario analysis, we also identify the best strategy for allocating 
restoration effort within a property boundary to maximize the degree of connection between a 
particular property and its neighbours. Potential actions include strategic grazing, exclusion of 
grazing, passive and active revegetation. 
 
 The plans we present here are fully updatable as new information becomes available, and are 
designed to incorporate social realities such as variation in stakeholder willingness to 
participate, and spatial variation in costs of implementation. Iteration of the prioritizations we 
have developed here will allow robust and coherent networks of restoration priorities to be 
updated over time. 
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1 Introduction 
 
The biodiversity of Australia is undergoing serious and ongoing declines, resulting principally from loss 
and fragmentation of native vegetation through agricultural development. It is becoming increasingly 
clear that protected area networks, while safeguarding some key local populations, will not be sufficient 
to arrest biodiversity declines across large areas and for the long term. In a time of rapid human-forced 
climate change and accelerating habitat transformation, native species will need larger, more 
interconnected populations for their continued existence. As such, ensuring large scale ecological 
connectivity at regional scales has become a part of many regional scale conservation plans in Australia. 
Such connectivity can only be achieved through strategic, regional planning that addresses the needs of 
threatened biodiversity accross the landcsape in a changing climate while also recognizing the myriad of 
stakeholders’ interests that need to play a part in achieving this connectivity. This is because most of the 
conservation actions will need to be conducted on private land.  
 
The Western Woodlands Way (WWW) is one such large scale connectivity vision shared by the 
community, individuals, groups, and governments and is a direct response to climate change threats 
likely to cause native animal and plant extinctions and impacts to water catchments and supplies. The 
WWW extends from Dthinna Dthinnawan National Park near the Queensland border to Weddin 
National Park in the south, comprising an area of 75,425 km2 (see figure 2.1) and the vision aims for the 
conservation of natural interconnections between protected areas and wildlife refugia areas across 
community, private, leasehold and other government lands. This large scale initiative empowers 
individuals, groups and communities to contribute locally to the conservation of Australia’s native 
species whilst knowing that their efforts are part of an Australia-wide response to conserve wildlife. 
 
This report’s aim is to provide a scientific basis for deciding where ecological restoration activities that 
underpin management for the Western Woodlands Way should take place. We develop an innovative 
approach to build a property-scale prioritization according to costs and targets to determine the 
allocation of restoration effort across the landscape. The report was commissioned by the Department 
of Environment and Climate Change NSW on behalf on the four Catchment Management Authorities 
that intersect the Western Woodlands Way (Lachlan, Central West, Namoi, Border Rivers/Gwydir) in late 
2008.  
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1.1 Structure of the report 
 
This report details the first two stages of designing and implementing ecological restoration activities 
across the Western Woodlands Way. After outlining the nature of the habitat loss and fragmentation 
problem (Section 2), we conduct a broad-scale prioritization across the whole WWW region identifying 
landholdings that, if revegetated, would achieve the joint objectives of (i) increasing the extent of 
suitable habitat for woodland-dependent vertebrate species of conservation concern and (ii) enhancing 
landscape connectivity by favouring solutions that join together blocks of existing and restored native 
woodland (Section 3). Following this, we outline a property-level fine scale analysis of where 
revegetation work should focus within the set of priority properties (Section 4). We then synthesize the 
outcomes of these two analyses, and indicate how they can be updated as needed to incorporate social 
realities and financial constraints (Section 5), concluding with a series of recommendations (Section 6). 
 
2 Why the need for ‘whole of landscape’ plans? 
 
The Earth is currently experiencing the sixth massive extinction event of its evolutionary history and the 
first for 65 million years (Wilson 2002). This new geological era, now known as the Anthropocene, is 
unique in terms of the speed and breadth of extinctions and because the cause is due to the actions of 
just one species – Homo sapiens (Pimm et al. 1995; Cardillo et al. 2004). The current rate of species 
extinction is estimated to be 1,000 times greater than it would be under the influence of natural 
disturbances (Woodruff et al. 2005). Land-use change has been identified as the root cause of 
biodiversity loss (Sala et al. 2000).  
 
The conservation status of Australia’s biodiversity tracks the global situation. Close to half of all mammal 
extinctions that occurred on the planet in the last 200 years have occurred in Australia (Johnson 2006; 
Johnson et al. 2007), while at least three bird species, four frog species and 61 species of flowering plant 
have become extinct since European settlement (Australian Bureau of Statistics 2006). Australia’s 
biodiversity crisis is also evident by the number of native species that have seriously declined in range 
and abundance since European settlement. Approximately 13% of all Australia’s known vertebrates have 
been listed in Australia’s formal conservation Act, the Environment Protection and Biodiversity 
Conservation Act 1999, as either ‘threatened’ or ‘vulnerable’ and the number of terrestrial bird and 
mammals assessed as extinct, endangered or vulnerable on this list rose by 41% in the last decade 
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(Australian Bureau of Statistics 2006). These are numbers for concern but a recent regional analysis 
paints an even direr picture (Mackey et al. 2008). When the conservation status of all Australian 
terrestrial vertebrate species listed in one of the IUCN threat classes under (i) state legislation and (ii) 
non-legislative authoritative assessments (such as national action plans) is tabulated, nearly 45% of all 
Australia’s vertebrate species are in some form of serious decline in one or more parts of their range 
(Table 2.1). 
 
Table 2.1 A comparison of the difference in the conservation status of Australian terrestrial vertebrate 
animal species between (a) the Australian Environment Protection and Biodiversity Conservation Act 
and (b) state and territory legislation plus authoritative national assessments. Adapted from Mackey et 
al. (2008).  
 
 Freshwater 
fish 
Frogs Reptiles Birds Mammals 
The total number of species in 
continental Australia 
230 214 633 675 378 
Number (%) of species listed under the 
Commonwealth Environment 
Protection and Biodiversity 
Conservation Act 1999 
27 (12%) 26 (12%) 45 (7%) 70 
(10%) 
99 (26%) 
Number (%) of species given any IUCN 
threat class (except ‘least 
concern’) accumulated over all 
jurisdictions plus non-legislative 
assessments 
97 (42%) 92 (43%) 262 (41%) 269 
(41%) 
214 (57%) 
 
The destruction, degradation and fragmentation of natural habitats associated with agriculture and 
urbanization has been the main direct threat to species and cause of extinction and decline outlined in 
table 2.1 (Lindenmayer 2007). Habitat fragmentation is one of most insidious of these threats, as the 
process can occur through what are considered ‘minor’ human activities (such as building roads) and 
often results in time lags before extinction occurs, resulting in a false sense of security (Whittaker et al. 
2005; Lindenmayer & Fischer 2006). Fragmentation of habitat reduces the total amount of habitat 
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available and simultaneously isolates the remaining habitat. This prevents movement of organisms and 
disrupts ecological processes in previously connected landscapes (Bennett 2003). The remaining habitat 
fragments are often too small or isolated to maintain viable populations of species. There are examples 
throughout Australia of demographic, environmental and genetic forces, whether random or 
deterministic, acting in concert to create a ‘vortex’ of extinction in fragmented, isolated populations 
(Gilpin & Soulé 1986; Lindenmayer & Fischer 2006). 
 
An alarming aspect of the current biodiversity crisis in Australia is that the effects of human-caused 
climate change on species and ecosystems are only recently being felt. Emissions of greenhouse gases 
through human actions are causing an ongoing rise in the average planetary temperature (IPCC 2006). 
An Australian Bureau of Agricultural and Resource Economics report, commissioned by the 
Commonwealth Government for the APEC conference, proposed we will most likely enter an ‘enhanced 
technology’ scenario which would result in global greenhouse gas emissions rising about 60% above 
1990 levels by 2050 (ABARE 2007). The Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC) indicates that such an increase in emissions would result in a rise in long-term 
average global temperature of between 3.2°C and 4.9°C above pre-industrial levels (IPCC 2006).  
 
It is inevitable that a rapidly changing global climate will place increased stress on Australia’s 
biodiversity. Recent studies from other parts of the world claim that current and future global climate 
change will be the primary driver of species extinctions in the near future (Sala et al. 2000; Lovejoy 
2005; Thuiller et al. 2005), and there is evidence that human-forced global warming is already impacting 
on species (Parmesan et al. 1999; Parmesan & Yohe 2003; Root et al. 2003; Thuiller et al. 2006). Given 
the uncertainty about the precise nature of climate change at a regional scale, it is becoming clear that 
species’ responses to climate change are likely to vary enormously, depending on their geography, 
tolerance to extremes, ecological versatility, and genetic adaptability (Midgley & Thuiller 2005). At a 
minimum, it can be anticipated that shifts in latitudinal and altitudinal species distributions will lead to 
species-level changes in phenology, behaviour, morphology and physiology (Walther et al. 2002; 
Walther 2004). There will be repercussions for biotic interactions, including, amongst others, host-
pathogen dynamics (Pounds & Crump 1994; Pounds et al. 2006). Changes at the community level can 
therefore be anticipated in assemblage structure (Parmesan & Yohe 2003). 
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It can be anticipated that the threatening processes underpinning the current biodiversity will interfere 
with the natural adaptive processes that have enabled many species to persist through past climatic 
changes. For example, habitat loss and fragmentation increases the vulnerability of species by reducing 
overall population size. Furthermore, the life history characteristics of many invasive plants and feral 
animals may be better suited to the new conditions resulting from climate change (Mackey et al. 2008). 
Consequently, predictions of the consequences of such interactions are calamitous, with one report 
suggesting that approximately 20% to 30% of plant and animal species assessed so far are likely to be at 
increased risk of extinction if increases in global average temperature exceed 1.5C to 2.5C, and such 
average increases are now seen as almost inevitable (Thomas et al. 2004). 
 
2.1 Why reliance on a static reserve system will not work 
 
The Convention on Biological Diversity (CBD), ratified by Australia in 1993, was a significant response by 
the international community for dealing with the continuing loss of biodiversity. It is a multi-tiered 
approach to biodiversity conservation, with Article 8 of the Convention specifically requiring each 
signatory party to pursue in situ conservation by establishing a national system of protected areas. 
Establishing protected areas is a necessary strategy for biodiversity conservation as by definition no 
other land-use category has the same potential to stem the impact of inappropriate human activities 
(Lindenmayer & Franklin 2002; Soulé et al. 2004).  
 
While there are now more than 10,000 protected areas (around 11.6% of terrestrial Australia; Sattler & 
Taylor 2008), we know that the continent carries a substantial extinction debt – that is many species are 
already below what we could reasonably consider to be viable populations (Watson et al. 2008). In 
addition, the establishment of comprehensive and representative reserve systems is unfinished, and is 
one of the key targets of the Australian government program of work for protected areas 
(Commonwealth of Australia 2005). A common historical legacy throughout Australia is that most 
protected areas have not been explicitly designed for the long-term protection of biodiversity (Pressey 
et al. 2002). Instead, many reserves have been created in response to aesthetic or recreational values, 
and without explicit reference to the needs of species and ecosystems. Pressey et al. (2002) for example 
highlighted the bias often found in reserve systems in north eastern New South Wales, with the steepest 
slopes and the soils having the lowest fertility being far better protected than low slope high fertility 
areas. Adding to this problem of under-representation is the fact that most of the biologically productive 
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landscapes have been converted to agricultural and other uses, and are privately owned (Recher 2004). 
The species inhabiting these productive areas are often extremely under-represented in the protected 
area system and there is little opportunity to create adequate reserves for them (Lindenmayer 2007). 
 
It is now recognized that halting and reversing the biodiversity extinction crisis requires a shift away 
from relying solely on protected areas (Sanderson et al. 2006; Watson et al. 2008). Rather, explicit 
priority must be given to the long-term needs of species and ecosystems. At the species level, we now 
have a better understanding of requirements to promote both the viability and ecological effectiveness 
of populations (Soulé et al. 2003). Park managers and conservationist scientists have also realized that 
reliance on site-based strategies alone (i.e. a small number of protected areas under various 
management schemes) results in conservation reserves being vulnerable in the landscape given the 
scale of threats to their long-term survival (Allen et al. 2001; Worboys et al. 2005). Modified landscapes 
surrounding reserves can in various ways critically affect biodiversity conservation within the reserve 
(Whittaker et al. 2005; Watson et al. 2005; Lindenmayer & Fischer 2006). In highly fragmented 
landscapes, only a small proportion of original native vegetation may remain. Threats from adjacent 
lands can include invasive species, poaching, pollution, and altered disturbance regimes such as flood 
and fire (Worboys et al. 2005). Lands adjacent to reserves can contain habitat resources needed by 
species inhabiting protected areas, and adjacent lands can also be a conduit for dispersal (Watson et al. 
2005). In many cases, the natural ecological processes required to maintain biodiversity operate at a 
larger scale than the reserve itself. Therefore, more consideration must be given to the contribution to 
biodiversity conservation of the land beyond, around and between formal reserves. This is what is 
meant when reference is made to the need to enhance the ‘connectivity’ of protected areas. Such 
‘connectivity’ is a critical factor when assessing the ‘adequacy’ criterion for a comprehensive, adequate 
and representative national reserve system. 
 
2.2 Developing a holistic conservation plan for fragmented landscapes  
 
A revised conservation science consensus is beginning to emerge in response to the limitations of simply 
relying on protected areas to date and the enormity of the challenge given the scale of the current 
biodiversity extinction crisis and the potential synergistic impacts of climate change (Welch 2005). Terms 
such as ‘landscape ecology’ and ‘connectivity conservation’ are now being widely used to capture this 
emerging scientific consensus amongst conservation researchers and practitioners.  
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Within both the scientific and broader conservation community, confusion has arisen as to the meaning 
of the ‘connectivity’. The common understanding of connectivity refers to a relatively narrow strip of 
native vegetation between two remnant habitat patches in a largely cleared landscape. However, in a 
landscape wide context, the word encompasses but is not limited to this conventional usage. 
‘Disconnectivity’ refers to impediments to the natural movement of organisms or the flow of processes. 
In the absence of human perturbations, there is a degree of both connectivity and disconnectivity due to 
natural barriers of various kinds. However, one of the consequences of habitat loss and fragmentation is 
a breakdown in connectivity for many spatially dependent, physical, biological, ecological and 
evolutionary processes.  
 
Ecologists have identified two primary components of connectivity (Bennett 2003). The first, known as 
‘structural connectivity’ or ‘landscape connectivity’ (Lindenmayer and Fischer 2006), refers to the spatial 
arrangement of different types of habitats or habitat patches in the landscape and is measured by 
analysing landscape pattern without any explicit reference to the movement of organisms or the flux of 
processes. Various spatial statistics have been devised to measure the degree to which a landscape is 
fragmented and to describe the spatial configuration of vegetation patches (McGarigal et al. 2002). The 
second, known as ‘functional connectivity’ refers to changes in spatially dependent biological, ecological 
and evolutionary processes. Functional connectivity can be considered in terms of (a) ‘habitat 
connectivity’ – the connectedness between patches of suitable habitat for an individual species and (b) 
‘ecological connectivity’ – the connectedness of ecological processes across multiple scales (Crooks and 
Sanjayan 2006; Lindenmayer and Fischer 2006). Examples of the latter include trophic interactions, 
disturbance regimes and hydroecological flows (Soulé et al. 2004). 
 
A useful definition of connectivity that attempts to combine both structural and functional aspects was 
provided by With (1997), ‘... connectivity is the functional relationship among habitat patches, owing to 
the spatial contagion of habitat and the movement responses of organisms to landscape structure’. 
However, this definition is limited as it does not refer to the flux of things other than organisms, 
including the environmental flows and regimes that sustain habitat resources or that comprise selective 
forces to which species must be adapted in order to persist in a landscape. Nor does this definition make 
reference to the connectivity needed for spatially dependent evolutionary processes. The conservation 
of biodiversity requires attention be given to evolutionary processes, in terms of both (a) genetic change 
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in populations that represent local adaptations to changing environmental conditions (‘microevolution’) 
and (b) longer term directional genetic change in a population leading to divergence and speciation 
(‘macroevolution’) (Frankel & Soulé 1981; Mace & Purvis 2008). 
 
In summary, ‘connectivity’ refers to various kinds of connections including:  
 the structural configuration of habitats or habitat patches in a landscape mosaic;  
 the permeability of a landscape mosaic for dispersal and movement of a specific species; 
 the presence or absence of barriers or impediments to the natural flux of water, nutrients, or fire 
experienced in a landscape;  
 landscape permeability with respect to meta-population dynamics; and  
 gene flows associated with micro and macroevolutionary processes. 
 
Protecting natural ecological and evolutionary connectivity across all relevant spatial and temporal 
scales can make a significant contribution to mitigating extinction vortices (Lindenmayer and Fischer 
2006). In essence, this means preventing habitat loss, fragmentation and the degradation of natural 
lands in the first place, and the active management of natural connectivity so that threats are minimized 
and the resilience of species maximized. This highlights the need for thinking beyond isolated 
conservation enclaves or islands to a ‘whole-of-landscape’ vision of large areas of interconnected 
natural lands (and seas). The land that must be managed is invariably held under various tenures and 
jurisdictions. Internationally, multiple nations may also be involved, demanding a cooperative, 
transboundary approach.  
 
Among other things, a holistic landscape approach recognizes that: 
 Conservation management is needed in the lands around formal protected areas to buffer them from 
threatening processes originating off-reserve;  
 In land that has been heavily cleared and fragmented, there is a need for large scale ecological 
restoration and rehabilitation so that protected areas do not remain isolated islands and ‘extinction 
vortices’; 
 In areas with high wilderness quality (sensu Lesslie et al. 1988), the option remains to maintain 
ecological integrity in toto through a combination of formal protected areas and complementary off-
reserve conservation management; and 
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 Systematic conservation planning must factor in the conservation requirements of large-scale, 
spatially dependent, ecological and evolutionary processes essential to the long-term persistence of 
biodiversity. 
 
2.3 Prioritizing areas for ecological restoration as one part of the holistic solution   
 
As outlined above, one of the key activities is the need for large scale ecological restoration and 
rehabilitation so that protected areas do not remain isolated islands and ‘extinction vortices’ in 
fragmented landscapes. Even the conservation of all extant vegetation might not be adequate for the 
long term persistence of species in a landscape. In such a situation, priority areas for restoration will 
need to be identified. Ecological restoration is the process of assisting the recovery of an ecosystem that 
has been degraded, damaged, or destroyed. From an ecological perspective, it is an intentional activity 
that initiates or accelerates ecosystem recovery with respect to species composition, community 
structure, ecological function, suitability of the physical environment to support the biota, and 
connectivity with the surrounding landscape.  
 
Given the high levels of resourcing required to undertake landscape-level ecological restoratiom, it is 
critical to work out priorities; where is the best place to start restoring the system? There has been a 
longstanding debate about the efficacy of restoration initiatives that has generally hinged around the 
meaning and use of ‘corridors’ in a restoration and rehabilitation context (Bennett 2003; Lindenmayer 
and Fischer 2006). As argued by Bennett (2003), the controversy and debate surrounding corridors has 
been narrowly focused on regenerating habitat corridors, largely ignoring other types of movement and 
connections, including ‘stepping stones’ (Fischer and Lindenmayer 2005), migratory stopovers, habitat 
mosaics and the permeability of the intervening matrix (With 1997; Watson et al. 2005). 
 
When considering the efficacy of corridor connectivity, Bennett (2003) suggested two key questions:  
 Are populations, communities and natural ecological processes more likely to be maintained in 
landscapes that comprise interconnected systems of habitats, than in landscapes where the 
remaining natural habitat patches occur as dispersed, ecologically-isolated fragments? 
 What is the most effective pattern of habitat patches in a disturbed landscape to ensure ecological 
connectivity for species, communities and ecological processes?  
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Few ecologists would argue with the first question because there is little debate that movements of 
animals and plants and the flow of wind, water, materials and biota between habitats is a key 
characteristic in the functioning of natural ecosystems (Forman 1995). Of more practical interest is how 
best to address the second question. 
 
Overall, much of the current discussion about the efficacy of corridor restoration seems to be less about 
the advantages and disadvantages as a specific conservation tool, than it is about the challenges 
associated with purchasing, designing, constructing, restoring and maintaining corridors. Of particular 
concern are the high resource and opportunity costs involved. As Crooks and Sanjayan (2006) argue, 
perhaps the most pertinent question facing conservation biologists, land-use planners and resource 
managers today is not ‘why do we need natural levels of connectivity?’, but rather, ‘how should 
connectivity be restored in areas that have experienced significant biodiversity loss and fragmentation, 
for what target species or ecological process, and at what scale?’ Hilty et al. (2006) reinforce this point 
arguing that those factors that can cause corridor projects to fail or fall short are not reasons to abandon 
these initiatives. Rather, they should be used as a checklist to take into account when designing, 
establishing and managing a corridor. Relevant elements of such a checklist include:  
 
 The physical structure of corridors should minimise edge effects such as increased levels of predation 
and parasitism;  
 Corridors should be established to minimise competition with exotic and native invasive species;  
 Corridors should not lead to the dilution of locally adapted genes;  
 Corridors should not allow local populations to be overwhelmed by immigrants;  
 Where populations are small and lack immunity, corridors should not allow for the spread of 
infectious diseases;  
 The opportunity costs associated with establishing and maintaining corridors must be evaluated (for 
example, would it be more effective to enlarge core areas to achieve adequate biodiversity 
conservation?); and  
 Because corridors will often be placed in areas of high economic value, the political costs of 
establishing and maintaining corridors will need to be assessed, including an appraisal of the costs of 
not maintaining the corridor. 
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Corridor restoration and rehabilitation is one, albeit significant, component of a whole of landscape 
initiative. Other elements include:  
 
 protecting the extant natural connectivity of large intact areas; and  
 instigating complementary conservation management in the landscape matrix within which 
protected areas are embedded.  
 
2.4 Ecological restoration and the Western Woodlands Way 
 
The Western Woodlands Way (WWW) is a large scale whole-of-landscape initiative shared by the 
community, individuals, groups, and governments (figure 2.1). The WWW is a series of highly 
fragmented landscapes, with only a small proportion of original native vegetation remaining. As such, 
even the full conservation of all extant vegetation will not be adequate for the long term persistence of 
species in the region. The WWW initiative is aimed at averting the declines in native species now evident 
across the region and seen as a direct response to climate change threats likely to cause native animal 
and plant extinctions and impacts to water catchments and supplies. WWW envisages the conservation 
of natural interconnections between protected areas and wildlife refugia areas across community, 
private, leasehold and other government lands. This large scale initiative empowers individuals, groups 
and communities to contribute locally to the conservation of Australia’s native species whilst knowing 
that their efforts are part of a much grander and strategic Australian response to conserve wildlife. 
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Figure 2.1 The location of Western Woodlands Way in relation to Catchment Management Authorities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Currently there are a number of conservation-oriented activities funded by various NRM groups, state 
government bodies, environmental non-government organizations and landholders occurring on private 
land. These activities include attempts to regenerate landscapes that have been cleared for agriculture 
by passive or active restoration, undergoing ‘strategic’ grazing of areas in order to allow the natural 
values for the land to be returned and the development of stewardship arrangements where 
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landholders are compensated for leaving certain portions of their land alone for conservation. There is 
now strong evidence that these actions are incredibly important for the long-term survival of 
biodiversity but it is also evident that there is current almost no systematic and strategic planning for 
these activities at landscape and regional scales. Importantly, there is a high likelihood that funding to 
NRM bodies will be far more competitive in the new NHT 3 ‘Caring for Country’ model. It will be 
increasingly important for bodies going for private land conservation funding to be able to demonstrate 
they are incorporating strategic-oriented planning, based on modern conservation science, as the basis 
of all their private land conservation activities. 
 
In meetings held in 2008 between NSW DECC and the University of Queensland, it was agreed that a 
strategic plan needed to be developed to ensure that restoration efforts in the region were achieving 
the best ‘bang for the buck’. It was thought a number of phases were needed to be developed. It was 
determined that a broad scale optimal quantum and spatial arrangement of areas that should be subject 
to acquisition, conservation management or revegetation should be generated. Comparative costs of 
alternative investments as well as the probable maximum percentage of a land parcel that would be 
dedicated to conservation will be incorporated. This broad analysis was to assume there are no funding 
or social restrictions. From this, data will be fed into a fine scale analysis where property level priorities 
will be identified (see figure 2.2).  
 
Figure 2.2 Developing a strategic plan for restoration in WWW. This figure shows the overall process. 
Steps 1 and 2 can be run iteratively to come up with detailed priorities for the region. Step 3 results in 
some ‘agreed’ actions (arising from incentive schemes etc) that result in a change to the conditions that 
determine priorities which can then be recalculated. 
 
STEP 1. STEP 2. 
BROAD LANDSCAPE- 
LEVEL PRIORITIES 
DETAILED PROPERTY- 
LEVEL PRIORITIES 
STEP 3. 
DETAILED PROPERTY- 
LEVEL DESIGN 
use priorities 
Include actual 
agreed actions in 
next prioritisation 
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3. Where to invest to prioritize restoration actions across the WWW: a 
broad landscape level prioritization 
 
3.1 Introduction 
 
Our landscape level prioritization aimed to identify properties that, if revegetated, would (i) form a 
network likely to provide suitable habitat for a suite of woodland-dependent species of conservation 
concern, and (ii) allocate this revegetation effort across the WWW in way that improves landscape 
connectivity. Historical patterns of landscape clearance strongly constrain restoration options in the 
sheep-wheat belt (Mac Nally 2008; Duncan & Dorrough 2009), so we developed a novel approach to 
solving this problem by modelling the historical distribution of a set of woodland-dependent species 
using information on the pre-clearing distribution of vegetation types, and then using an optimization 
algorithm to establish which currently cleared areas would contribute most to representing former 
distributions if they were revegetated. In addition to selecting areas that contribute most to recovering 
species’ historical distributions, we required that the resulting set of properties was organized in such a 
way that it increased connectivity across the landscape by forming areas of revegetation that are 
contiguous with existing patches of native woodland wherever possible, and with other properties that 
were also prioritized for revegetation. 
 
Covering four catchment management authority areas (Lachlan, Central West, Namoi, Border Rivers 
Gwydir), the study area extends from Dthinna Dthinnawan National Park near the Queensland border to 
Weddin National Park in the south, comprising an area of 75,425 km2 (see figure 2.1). The Western 
Woodlands Way encompasses a string of New South Wales DECC reserves and associated remnants of 
native vegetation running in a north-south spine. Much of the landscape has been cleared for 
agriculture and development, although varying amounts of native vegetation and scattered trees remain 
on working properties, and it is within such agricultural landscapes that the proposed restoration 
activity will take place. 
 
3.2 Methods 
 
Specifically, the analysis steps are: 
a) Model the present-day distribution across the Western Woodlands Way of declining woodland-
dependent species. 
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b) Use these models to predict the species’ historical distributions prior to the commencement of 
habitat clearance; this gives an estimate of how suitable for the species a piece of currently 
cleared land would be if it was revegetated. 
c) Choose an optimal network of properties likely to revert to suitable conditions for the species of 
interest if they were revegetated. 
d) Ensure that the resulting network shows a high degree of connectivity, linking up existing blocks 
of native woodland and linking among areas that are to be revegetated. 
 
3.2.1 Modelling species’ present-day distributions 
 
3.2.1.1 Species data 
 
Using the Atlas of New South Wales Wildlife (Department of Environment and Climate Change 2009), we 
assembled records of all woodland-dependent threatened or declining birds, mammals and reptiles that 
have the main centres of their distribution on the Western Woodlands Way study area, and whose 
declines are being caused primarily by loss of habitat. Excluded from the database were: 
 
 extinct species; 
 obvious outliers likely to represent vagrants or misidentification; 
 introduced species; 
 wetland species; 
 species with the main part of their distribution outside the Western Woodlands Way; 
 species declining primarily due to threats unrelated to vegetation and landscape issues (e.g. 
predation by foxes Vulpes vulpes); 
 species with stable or increasing population trend in the Western Woodlands Way; 
 non-threatened species with uncertain population trend in the Western Woodlands Way; 
 records prior to 1988, because satellite data used to determine woodiness ranged from 1988 to 
2007, and the records should ideally represent the current distributions of the species; 
 all records georeferenced with a spatial accuracy of less than 1 km. 
 
This resulted in a set of 16,455 accurately georeferenced records of 40 species for analysis (see table 
3.1). 
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Table 3.1 Woodland-dependent species of conservation concern used in the analysis. 
Group Species Number of records Historical area of 
occupancy (km
2
) 
Current area of 
occupancy (km
2
) 
Bird Barking Owl 469 7,690.58 6,706.52 
Bird Black-chinned Honeyeater 305 19,509.40 12,684.91 
Bird Brown Treecreeper 2517 35,095.82 24,232.80 
Bird Diamond Firetail 766 28,580.63 19,587.16 
Bird Dusky Woodswallow 947 34,434.80 21,962.70 
Bird Eastern Shrike-tit 481 27,922.41 17,060.50 
Bird Gilbert's Whistler 120 7,811.17 55,57.29 
Bird Glossy Black-Cockatoo 461 14,600.27 11,186.78 
Bird Grey-crowned Babbler 1390 27,144.03 19,351.61 
Bird Hooded Robin 347 30,946.63 20,621.86 
Bird Jacky Winter 930 35,892.96 24,595.75 
Bird Little Eagle 202 30,063.56 17,588.08 
Bird Little Lorikeet 800 28,990.56 20,493.97 
Bird Painted Button-quail 166 24,570.38 16,162.82 
Bird Painted Honeyeater 67 23,916.43 20,651.18 
Bird Red-capped Robin 567 28,403.39 15,101.10 
Bird Regent Honeyeater 231 20,652.12 14,475.42 
Bird Restless Flycatcher 664 35,446.13 25,744.92 
Bird Rufous Songlark 611 33,401.04 24,341.52 
Bird Speckled Warbler 1346 33,181.45 22,081.74 
Bird Square-tailed Kite 46 20,941.63 14,597.03 
Bird Superb Parrot 342 16,978.53 12,287.11 
Bird Swift Parrot 65 12,076.10 5,636.61 
Bird Turquoise Parrot 842 29,793.28 19,352.84 
Mammal Eastern Long-eared bat 186 14,976.38 11,927.46 
Mammal Koala 1013 12,731.22 10,043.46 
Mammal Squirrel Glider 171 18,482.58 12,651.75 
Mammal Yellow-bellied Sheathtail-bat 122 22,866.30 16,303.30 
Reptile Bandy-Bandy 23 18,986.33 12,772.11 
Reptile Carpet Python 3 13,079.56 10,074.15 
Reptile Common Tree Snake 16 48,42.13 6,313.63 
Reptile Coral Snake 18 24,670.11 20,947.16 
Reptile Dwyer's Snake 19 16,582.53 15,615.21 
Reptile Five-clawed Worm-skink 6 16,695.22 15,639.32 
Reptile Pale-headed Snake 9 16,202.85 12,577.29 
Reptile Patternless Delma 6 20,344.53 9,320.98 
Reptile Proximus Blind Snake 10 30,014.51 22,065.21 
Reptile Red-bellied Black Snake 60 10,638.81 6,573.59 
Reptile South-eastern Slider 62 10,390.33 8,102.97 
Reptile Spotted Black Snake 49 29,723.72 20,041.90 
 
 
3.2.1.2 Environmental data 
 
We assembled a list of biologically plausible variables that might predict habitat suitability for the 40 
woodland-dependent species. All data used were provided by DECC and pre-processed for use in a 
Maxent model environment (see below). We rasterized all data layers, clipped them to the study area, 
and projected them to GDA 1994, zone 55. We resampled all rasters to a pixel size of 100m to produce a 
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set of rasters with identical extents and pixel size for species distribution modelling. The variables for 
species distribution modelling were: 
 
Current vegetation type: Maps of extant vegetation covering the study area were received from 
Department of Environment and Conservation. For details of their construction see Department of 
Environment and Conservation (2004, 2006), DPINR (2004), Department of Environment and Climate 
Change (2008) and Wall (2008). The mapping projects had taken different approaches, and classified the 
vegetation types using different protocols, including Keith Classes, Broad Vegetation Types and Regional 
Vegetation Classifications. With the help of R. Armstrong, and using all available information from the 
various data layers, we classified all parcels of vegetation into 41 Keith Classes (see Keith 2002), 
including additional codes for unknown vegetation, and non-native vegetation (see section 8.1 for a full 
list of codes used to classify vegetation types for analysis). After this process, 1987 polygons remained 
unclassified because even modelled vegetation data was missing from these, so we left them marked as 
unknown (coded as -100; see section 8.1). It was not possible to achieve a finer comprehensive 
classification of extant vegetation types, given the data available, and in any case more than 40 classes 
would be too many for an effective analysis of species distributions. 
 
Current woodland extent: We used foliage projective cover data (Horn 2009) to map at a fine scale the 
distribution of native woodland across the WWW. FPC estimates the proportion of the ground that 
would be shaded by foliage if sunshine came from directly overhead, and thus scales with the density 
and size of trees in a landscape. Horn (2009) developed a method based on time series of Landsat 
satellite images to generate robust estimates for FPC over the study area, and derived individual 
thresholds for each SLATS tile to classify the pixels as woody or nonwoody. This method improves on 
previous FPC data by removing some of the more obvious commission errors associated with cropping. 
We used the thresholded FPC to classify each pixel in the raster as woody or nonwoody, generating a 
basemap of the distribution of woody vegetation across the Western Woodlands Way. We calculated 
the proportion of pixels classified as woody vegetation in each planning unit to arrive at property-level 
statistics for woodland cover (figure 3.1). 
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Figure 3.1 The present-day distribution of native woodland across the Western Woodlands Way based 
on classification of foliage projective cover data within individual properties. 
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Historical vegetation type: We obtained data from the Department of Environment and Climate Change 
of historic vegetation cover for most of the study area (Department of Environment and Conservation 
2006; Thornton 2006). The tile covering the northern WWW was classified using the NVCS classification 
system and the tile covering the southern half was classified using Keith classes (Keith 2002). To produce 
a dataset directly comparable with the map of extant vegetation, we used all available data to classify 
polygons according to the vegetation types given in appendix 8.1. Full descriptions for each class were 
reviewed and the best match in the Keith class system was then selected and used to reclassify the 
northern half of the data. There was some overlap between the tiles and thus about 15 NVCS classes 
were reclassified based on the Keith class they overlayed. The north-eastern section of the study area 
was missing reconstructed vegetation mapping, and we filled this gap using NVIS 1750 data (Executive 
Steering Committee for Australian Vegetation Information 2003). 
 
Rainfall and Temperature: We used 1 km rasterized datasets of average annual rainfall and temperature, 
both produced by Pressey et al. (2000) using an interpolative method based on the ESOCLIM and 
ANUSPLIN approaches (McMahon et al. 1997; Hutchinson 1989, 1991). 
 
Elevation: We used a rasterized digital terrain model with a pixel size of 83m and elevations in metres 
(Department of Natural Resources 2007). 
 
Geology: Digital data was obtained in a vector format from the NSW NPWS and the Department of 
Mineral Resources (DMR) in ERMS and ARC/INFO format. The data was at a scale of 1:250 000; 
consistent with existing geological and metallogenic map sheets of the same scale (see Pressey et al. 
2000). 
 
Cropping: A vectorized map of cropped areas were supplied directly by NSW DECC. It was assembled by 
combining various constituent datasets. 
 
Development: A vectorized map of urban development was supplied directly by NSW DECC. 
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3.2.1.3 Species distribution modelling 
 
We used Maxent (Phillips et al. 2006) to model the current distributions of the 40 woodland-dependent 
focal species across a 100m grid of pixels covering the study area. This technique performs well using 
presence-only data of the type we have available, and outperformed all competing methods in a 
comprehensive comparative analysis (Elith et al. 2006). Maximum entropy modelling derives a 
probability distribution over the set of sites in the study area to represent the true distribution of a 
species as a probability distribution. The probabilities sum to one, and can also be expressed in a logistic 
output format, which estimates the probability that the species is present in each pixel, given the 
environmental conditions there (Phillips & Dudík 2008). This logistic output is best interpreted as habitat 
suitability, and multiplied by the area of a pixel, gives a predicted area of occupancy for the pixel (Wilson 
et al. 2005). Area of occupancy refers to that part of a species overall distribution that is actually 
occupied the species, as distinct from its extent of occurrence, which equates to the limits to its 
distribution (see Gaston & Fuller 2009 for a discussion of these terms). 
 
Using the present-day environmental variables described above as predictors (Current woodland extent, 
Current vegetation type, Rainfall, Temperature, Elevation and Geology, Cropping, and Development), we 
built species distribution models in Maxent, setting aside 30% of the data to test the initial models. 
Model performance was generally excellent, with AUC values typically between 0.8 and 0.9 indicating a 
good fit between models and data in terms of both omission errors (incorrectly predicting an absence) 
and commission errors (incorrectly predicting a presence). The performance of the species distribution 
models are assessed using the receiver-operating characteristic curve (see figure 3.2 for the barking owl 
model). The greater the area under the curve, the better the model’s performance; a model that does 
no better than random at correctly assigning presences and absences would fall along the black line of 
figure 3.2a, with an area under the curve of 0.5. As model fit improves, the area under the curve 
increases toward its theoretical maximum, which is just below 1 (Phillips et al. 2006). A high AUC means 
that both presences and absences are being correctly predicted by the model. 
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Figure 3.2 (a) Predicted present-day distribution of the barking owl Ninox connivens in the Western 
Woodlands way.  Darker colours represent areas with higher predicted habitat suitability. Black dots 
show the presence locations used for training, while violet dots show test locations used to check model 
performance. (b) Receiver operating characteristic plot for the barking owl model. This model performs 
excellently, with an area under the curve of 0.941.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.2 Modelling species’ historical distributions 
 
To identify areas of highly suitable pre-clearing habitat for the study species, we used the models of 
current distribution to estimate pre-1750 distributions by re-running Maxent substituting historical 
vegetation type for current vegetation type, and setting all values for cropping and development to 0. 
Because there were no novel vegetation types in the historical vegetation map (see section 3.2.1.2), 
(a) (b) 
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projections were robust, and no clamping (predicting beyond the bounds of known environmental 
variables) was necessary (Phillips et al. 2006). Thus, for each 100m pixel across the study area, we had 
two comparable quantities; an estimated current probability of presence and an estimated historical 
probability of presence. We estimated the area of occupancy by each species within each pixel (see 
Gaston & Fuller 2009) by multiplying the probability of presence by its area. 
 
3.2.3 Choosing an optimal network of properties for revegetation 
 
3.2.3.1 Planning units 
We began with the 2006 Landbase cadastral map of all property boundaries intersecting the study area. 
We excluded all properties below 250ha in area, to focus the analysis on properties of meaningful size, 
and to exclude small urban and suburban parcels. Gaps between the resulting set of properties were 
filled by superimposing a 2.5 km * 2.5km grid onto the map. This was necessary to make a continuous 
surface across the study area, allowing us to measure and modify connectivity in the resulting 
conservation plans, and calculate accurately the predicted amount of suitable existing habitat for the 
woodland-dependent focal species. The topology of this layer was fully verified and repaired to ensure 
that the boundaries between all polygons were clean (i.e. no overlaps or gaps between neighbouring 
polygons). This resulted in a list of 19,166 planning units (a mix of properties and intervening land 
parcels that will be ‘locked out of the optimization) for analysis. 
 
3.2.3.2 Biodiversity objectives 
 
Our first objective in this analysis was to select a network of properties for revegetation projects that 
would be likely to increase the extent of suitable habitat for the woodland-dependent species of 
conservation concern. Our target was to increase the area of occupancy of each of the 40 woodland-
dependent species listed in section 3.2 by prioritizing revegetation of properties not currently 
dominated by native woodland. We began by classifying each planning unit according to the schedule in 
table 3.2. This resulted in three sets of planning units, (i) those ‘locked in’ to the solution because they 
already contained native woodland habitat and thus no further action was required, (ii) those ‘locked 
out’ of the analysis because revegetation was not likely to be viable in those sites, and (iii) those 
available to be selected for restoration projects. The analysis was well-balanced; roughly a third of the 
landscape appeared in each category. Our aim was to prioritize among this third set of sites to 
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determine where revegetation would most contribute to increasing habitat availability for the study 
species and enhance overall landscape connectivity. Essentially, we are looking for places that are highly 
suitable for woodland-dependent species based on original vegetation type, but where they do not 
currently occur because the vegetation has been cleared. A map of the planning units according to their 
status is given in figure 3.3. 
 
Table 3.2 Schedule for classifying planning units for property-level prioritization analysis. We performed 
the classification sequentially in the order presented in the table. 
 
 Threshold Number of 
planning units 
Total area 
(km
2
) 
Initial number of planning units  19166 75405.05 
Planning units dominated by urban development 
were ‘locked out’ as revegetation is not 
viable in such places 
10% urban development
1
 330 1215.98 
Planning units dominated by cropping were ‘locked 
out’ as revegetation is not viable in such 
places 
80% cropping
1
 3344 11881.51 
Planning units presently dominated by native 
woodland were ‘locked in’ as they require no 
action 
30% native woody 
vegetation, within property 
and within a 5km radius 
5104 23418.80 
Planning units dominated by native non-woody 
vegetation were ‘locked out’ as revegetation 
is not desirable in such places 
80% non-woody, native 
vegetation 
2134 6730.22 
Any remaining small planning units should be 
‘locked out’ 
<250 hectares 4672 6157.16 
Final number planning units ‘locked in’  5104 23418.80 
Final number of planning units ‘locked out’  10480 25984.87 
Final number of planning units available for 
selection 
 3582 26001.38 
Notes 1 Vectorized spatial data showing the distribution of cropping and urban development was provided directly by NSW 
DECC. 
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Figure 3.3 The distribution of planning units according to their status. Small properties and those where 
revegetation was not feasible or desirable were locked out of the analysis. Those already comprising 
native woodland were ‘locked in’ as a starting point for the analysis. The remainder of planning units 
were available to be selected by the prioritization process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To estimate the current area of occupancy of each species within the 5104 planning units currently 
comprising good coverage by native woodland (and therefore ’locked in’ to our prioritization analysis), 
we summed the probabilities of presence derived from the species distribution models (see section 
3.2.1.3). This produced an areal estimate of how much of each species’ geographic range is currently 
captured within native woodland in the WWW. Our objective was to increase this area of occupancy by 
20% by selecting properties in places of high historical suitability for the species. The potential 
contribution of each of the 3582 selectable properties to historical habitat suitability was calculated by 
summing the probabilities of presence derived from the historical species distribution models (see 
section 3.2.1.3). 
 
Status of planning units 
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3.2.3.3 Connectivity objectives 
 
As well as improving conditions for current biodiversity, a second objective was to ensure a high degree 
of connectivity in the resulting set of priority revegetation projects. To achieve this, we placed a penalty 
on solutions that resulted in hard edges between woodland and non-woodland planning units, using a 
boundary length file (Game & Grantham 2008). We measured B, the length in metres of the shared 
boundary between each pair of touching planning units, and scaled this to B’ as follows: 
 
B’ = B(1-(w1*w2)) 
 
where w is the proportion of native woodland in each of the two neighbouring polygons. This has the 
effect of reducing effective boundary length to zero where two neighbouring polygons are both 
completely covered by native woodland, leaving it unchanged where one polygon is completely wooded 
and the other completely unwooded, and generating an intermediate value where both polygons are 
partially wooded. Where the edge of a planning unit was also the edge of the entire study area, we 
assigned a boundary length of zero to avoid biasing the result away from the margin of the study area. 
The boundary length values reflect the connectivity penalty paid when a woodland block abuts a non-
wooded property, and promote the connection of woodland blocks with each other in the resulting 
network of revegetation projects. 
 
3.2.3.4 Setting up the Marxan analyses 
 
We conducted our biodiversity and connectivity prioritization analyses using the Marxan software 
(version 2.11 developed at the University of Queensland by Ian Ball, Matthew Watts and Hugh 
Possingham). Marxan examines the values of individual planning units and then adds and removes 
planning units in an attempt to meet user-defined conservation targets while minimizing overall cost 
and reserve-system boundary length (Stewart & Possingham 2005; Ardron et al. 2008). The resulting 
output is one possible “solution” to meeting the targets while minimizing costs. For each analysis, we 
ran Marxan 100 times, and we also provide a map showing selection frequency for each planning unit. 
The selection frequency represents the number of times that the property was chosen out of the 100 
individual solutions. The higher the selection frequency, the more likely the property will be required as 
part of a network of predominantly woodland properties that meet the conservation goals. However, it 
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is crucial to note that individual Marxan solutions are single independent coherent networks that best 
satisfy the objectives of the analysis and should be implemented in their entirety. If impediments to 
implementation of a single solution become apparent (e.g. some property owners being unwilling to 
participate), it is preferable to re-run the analysis to identify a new implementable network rather than 
simply work down the list of selection frequencies (see section 5.1 for a discussion of developing a 
socially realistic version of this analysis). 
 
We varied three key parameters to strike the correct balance between increasing species’ areas of 
occupancy, providing a result with high connectivity, and selecting a manageable number of planning 
units. There is an inevitable trade-off between increasing the amount of suitable habitat for species, and 
ensuring that the network of sites is well connected, so it is necessary to compromise between these 
two objectives to produce the best overall conservation plan. See table 3.3 for a list of key model 
parameters. 
 
Table 3.3 A list of the key parameters entered into the optimization analysis, together with a description 
of their effect on the result, the range of values we tested for sensitivity, and the final values that we 
set. 
 
Parameter Description Setting the value Sensitivity analysis 
Area of occupancy 
target 
The desired increase in the amount of 
suitable habitat for each species 
Our target was 120% of present area of 
occupancy within woodland 
None 
Species penalty factor A higher value increases the penalty 
for failing to meet the area of 
occupancy target 
We scaled the SPF by the initial area of 
occupancy of each species to produce a 
lower SPF for widespread species 
None 
Boundary length 
multiplier 
Increasing the BLM increases the 
penalty for having external boundaries 
in the solution, producing a network of 
sites with greater connectivity 
Based on results of sensitivity analysis, 
we finalized the BLM at 100 
Order of magnitude 
intervals between 
0.000001 and 
100000 
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3.3 Results 
 
3.3.1 Historical and recent species distributions 
 
Many species’ estimated present-day areas of occupancy are much smaller than their predicted 
historical distributions (table 3.1; figure 3.4; figure 3.5). This is not surprising given the level of woodland 
clearance that has happened in the region, and strongly points to the case for landscape restoration as 
one option in dealing with this difficult problem. 
 
Figure 3.4 Historical and current predicted areas of occupancy for the 40 species included in the present 
analysis. With the exception of the common tree snake (a relatively generalist species), all have declined 
importantly from their predicted historical distributions in the region. There is also evidence that the 
proportional decline has been greater for more widespread species than more narrowly-distributed 
species. The dotted line is the line of equality; no change between historical and present-day area of 
occupancy. 
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Figure 3.5 The predicted distribution of habitat suitability for six species for (a) the present day and (b) 
the period just prior to European settlement. The difference between these two maps indicates where 
restoration of the previous vegetation types found in an area is most likely to benefit each of the 
species, and the overall analysis presented here integrates this information across all 40 species.  
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Dwyer’s Snake 
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3.3.2 Priorities for restoration in the Western Woodlands Way 
 
3.3.2.1 Increasing the extent of suitable habitat 
 
The suite of near-optimal conservation plans produced by Marxan all met the targeted 20% increase in 
the extent of suitable habitat, with the average gain being double this for the best solution (table 3.4). 
Species only just reaching the target included common tree snake, south-eastern slider, barking owl, 
eastern long-eared bat and koala, while those predicted to benefit most from the restoration included 
superb parrot, five-clawed worm-skink, rufous songlark, regent honeyeater and patternless delma. 
There was no correlation between initial area of occupancy and the proportional increase in extent of 
suitable habitat (rs = -0.04, n = 40, p = 0.804), indicating that the scaling of the species penalty factor had 
ensured the results were not being driven by the need to capture increased distributions for the most 
widespread species (see section 3.2.3.4). One would expect a negative correlation between initial area 
of occupancy and the proportional increase in extent of suitable habitat if this were so. Although 
common species are important in shaping assemblages, and can be conservation priorities in some 
situations (Gaston & Fuller 2007,2008), we did not want the relatively small number of species to 
dominate the prioritization in this instance, because that would entail capturing large amounts of area 
to satisfy representation targets for the few widespread species. 
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Table 3.4 The targets of a 20% increase in the extent of suitable habitat will be met for all species 
considered, providing that restoration activity raises woodland coverage to 30% in each of the priority 
properties identified, and historical habitat relations predict recolonization of revegetated remnants. 
 
Group Species Existing area of 
occupancy within 
woodland, km
2
 
Area of occupancy 
in best solution, km
2
 (% gain) 
Bird Barking Owl 4351 5221 (20%) 
Bird Black-chinned Honeyeater 5621 8315 (48%) 
Bird Brown Treecreeper 10962 15687 (43%) 
Bird Diamond Firetail 8011 12038 (50%) 
Bird Dusky Woodswallow 10318 14968 (45%) 
Bird Eastern Shrike-tit 8571 12549 (46%) 
Bird Gilbert's Whistler 2002 2771 (38%) 
Bird Glossy Black-Cockatoo 7231 8964 (24%) 
Bird Grey-crowned Babbler 8819 12170 (38%) 
Bird Hooded Robin 8417 12614 (50%) 
Bird Jacky Winter 11039 15936 (44%) 
Bird Little Eagle 8374 12298 (47%) 
Bird Little Lorikeet 9838 14103 (43%) 
Bird Painted Button-quail 9571 12829 (34%) 
Bird Painted Honeyeater 10116 13646 (35%) 
Bird Red-capped Robin 7913 11274 (42%) 
Bird Regent Honeyeater 5816 9003 (55%) 
Bird Restless Flycatcher 10148 15105 (49%) 
Bird Rufous Songlark 7982 12441 (56%) 
Bird Speckled Warbler 12040 16607 (38%) 
Bird Square-tailed Kite 8554 11503 (34%) 
Bird Superb Parrot 2799 4464 (59%) 
Bird Swift Parrot 2456 3714 (51%) 
Bird Turquoise Parrot 10906 15336 (41%) 
Mammal Eastern Long-eared bat 8742 10638 (22%) 
Mammal Koala 6932 8560 (23%) 
Mammal Squirrel Glider 8424 11266 (34%) 
Mammal Yellow-bellied Sheathtail-bat 9068 12613 (39%) 
Reptile Bandy-Bandy 8768 11398 (30%) 
Reptile Carpet Python 7429 9332 (26%) 
Reptile Common Tree Snake 3477 4173 (20%) 
Reptile Coral Snake 9055 12533 (38%) 
Reptile Dwyer's Snake 6288 8932 (42%) 
Reptile Five-clawed Worm-skink 5411 8548 (58%) 
Reptile Pale-headed Snake 6243 9032 (45%) 
Reptile Patternless Delma 5010 7580 (51%) 
Reptile Proximus Blind Snake 9596 14115 (47%) 
Reptile Red-bellied Black Snake 4806 6122 (27%) 
Reptile South-eastern Slider 6962 8354 (20%) 
Reptile Spotted Black Snake 9417 14030 (49%) 
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3.3.2.2 Ensuring connectivity in the conservation plan 
 
The value of the boundary length multiplier strongly affected connectivity in the resulting network, and 
a value of 100 emerged as the most efficient as determined by the trade-off between the total area of 
priority properties and their total outer boundary length (figure 3.6; Stewart & Possingham 2005). 
 
Figure 3.6 The effect of varying the boundary length multiplier on the connectivity of the resulting 
priorities for restoration. Low values of the BLM rate meeting the biodiversity objective much more 
highly than the connectivity objective, leading to a “checkerboard” solution.   As the BLM is increased, 
connectivity in the solution is rated increasingly highly in comparison to the biodiversity objective, and 
the resulting solution becomes progressively clumped as woodland patches are connected to each 
other. 
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3.3.2.3 Priority properties identified by the analysis 
 
There was surprisingly little variation in the distribution of priority properties among the 100 near-
optimal runs, with 978 (66%) of the properties selected by the best five runs appearing in all of the 100 
runs. This result was also robust to changes in the input parameters, although extreme values for the 
boundary length multiplier did affect the connectivity of the result, as expected (see figure 3.6; section 
3.3.2.2). Table 3.5 shows the details of the top 10 runs, and figure 3.7 shows the best five solutions, 
together with a map of selection frequency depicting the overall landscape prioritization result for the 
Western Woodlands Way. Priority sites occur throughout the Western Woodlands Way, with a 
particular concentration in the north of the study area that connect various existing state forests, 
woodland remnants and existing protected areas. Other priorities that emerge are connecting the Pilliga 
and the Weetalibah area to Goonoo, expanding east from Coolah Tops National Park, and the areas 
around Goobang and Conimbla National Parks. 
 
Table 3.5 Statistics for each of the top 5 of 100 near-optimal Marxan solutions, broken down by CMA. 
Each of these near-optimal solutions if implemented in its entirety would provide a coherent solution to 
the joint objective of increasing habitat extent and enhancing connectivity. GIS layers of these results 
accompany this report in electronic format (see appendix 8.5; e3). 
 
Solution CMA  # planning units Total area 
(km
2
) 
1 Border Rivers / Gwydir  456 4,180 
2 Border Rivers / Gwydir 454 4,159 
3 Border Rivers / Gwydir 459 4,187 
4 Border Rivers / Gwydir 457 4,178 
5 Border Rivers / Gwydir 455 4,158 
1 Central West 387 2,910 
2 Central West 387 2,906 
3 Central West 396 2,969 
4 Central West 391 2,911 
5 Central West 382 2,855 
1 Lachlan 73 441 
2 Lachlan 64 380 
3 Lachlan 77 464 
4 Lachlan 71 421 
5 Lachlan 70 416 
1 Namoi 478 3,848 
2 Namoi 480 3,869 
3 Namoi 470 3,753 
4 Namoi 474 3,828 
5 Namoi 489 3,909 
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Figure 3.7 Results of the Marxan prioritization; (a) – (c) show the best five of the near-optimal solutions, 
and (d) shows the selection frequency of planning units among the 100 runs. Planning units shaded dark 
green are those locked into the solution because they already contain >30% coverage by native 
woodland. Full data on these solutions are available as an electronic supplement to this report (see 
appendix 8.5; e2). 
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The best solution (figure 3.7a) selected 1402 properties for revegetation activity, and the properties had 
a mean area of 815 hectares (table 3.5). Of these, 306 properties already have > 30% cover by native 
woodland but occur in landscapes with < 30% woodland cover. These require no revegetation, but 
contribute importantly to overall biodiversity and connectivity targets, including connecting with other 
properties that will undergo restoration, so steps could be taken in these properties to arrest further 
woodland loss that would result in a reduction in connectivity in the Western Woodlands Way. Some 
revegetation activity for those properties close to the 30% woodland threshold could be called for, 
particularly within the Lachlan CMA boundary, where much of the native vegetation has been cleared. 
 
Estimated total costs to apply the four restoration activities across the properties in solution 1 are given 
in table 3.6. They are highly sensitive to both the method of revegetation activity employed and the 
threshold at which a property is considered sufficiently vegetated to permit landscape permeability. 
Note that these costs are based on broad-brush estimates of per hectare costs supplied to us by the 
CMAs, and will no doubt vary at implementation time, and across different property types. However, 
this gives an approximation of the order of magnitude of funding required to implement the entire 
restoration programme. 
 
Table 3.6 Costs of restoration across the network of properties in solution 1. Calculated using the area of 
revegetation required to bring each property up to (a) 30% and (b) 10% coverage by woodland. 
 Strategic grazing Grazing exclusion / 
Passive revegetation 
Active revegetation 
(a) 30% woodland    
Border Rivers / Gwydir $8,429,254 $14,067,364 $49,124,129 
Central West $1,739,498 $5,094,245 $16,121,422 
Lachlan $307,049 $845,567 $1,086,484 
Namoi $2,863,432 $6,863,147 $62,631,899 
Total $13,339,233 $26,870,323 $128,963,934 
(b) 10% woodland    
Border Rivers / Gwydir $1,022,721 $1,706,792 $5,960,227 
Central West $196,917 $576,686 $1,824,999 
Lachlan $40,749 $112,217 $144,189 
Namoi $380,411 $911,779 $8,320,734 
Total $1,640,798 $3,307,474 $16,250,149 
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Priority properties for revegetation typically build on existing blocks of native woodland that were 
locked into the analysis. As such, and because connectivity is a key objective here, we recommend 
implementing the entire plan to a lower threshold of per-property woodland coverage rather than 
selecting properties in priority order for a higher threshold of woodland coverage. Some recent work 
has shown that 10% woodland coverage can be sufficient to promote landscape scale connectivity in 
Victoria (Radford et al. 2005). 
 
3.3.3 Detailed recommendations broken down by CMA 
 
3.3.3.1 Lachlan 
 
Priority areas for revegetation within the Lachlan section of the Western Woodlands Way generally build 
on existing protected areas, extending westward from Conimbla National Park, connecting woodland 
blocks to the east of Goobang National Park, and linking Koorawatha Nature Reserve with Fern Hill and 
Illunie Nature Reserve (figure 3.8). A complete list together with a shapefile of the prioritized properties 
within the Lachlan CMA boundary that appeared in each of the top five near-optimal solutions, together 
with their selection frequency over 100 runs, is shown in the electronic appendix 8.5; e2. 
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Figure 3.8 Detail of the Lachlan section of the Western Woodlands Way, showing existing protected 
areas (hatched), existing woodland that is locked into the analysis (dark green) or available for selection 
as part of the best solution (light green), and the condition (woody/native) of the remaining area (lime 
green and light and dark brown). Revegetation to expand and connect these woodland blocks has 
emerged as a priority for improving connectivity across the WWW as a whole. 
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3.3.3.2 Central West 
 
Around 390 properties were prioritized in the Central West CMA. Revegetation to expand and connect 
these woodland blocks has emerged as a priority for improving connectivity across the WWW as a 
whole. A complete list together with a shapefile of the prioritized properties within the Central West 
CMA boundary that appeared in each of the top five near-optimal solutions, together with their 
selection frequency over 100 runs, is shown in the electronic appendix 8.5; e2. 
 
Figure 3.9 Detail of the Central West section of the Western Woodlands Way, showing existing 
protected areas (hatched), existing woodland locked into the analysis (dark green) or available for 
selection (light green), and the condition (woody/native) of the remaining area.  
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3.3.3.3 Namoi 
 
There is an encouraging level of agreement between restoration priorities for the Namoi CMA identified 
in this analysis (figure 3.10), and those arising from the 2008 Namoi Conservation Strategy, which used a 
different suite of methods, largely based on static measures of vegetation condition at both local and 
regional scales (Namoi Catchment Management Authority 2008). This congruence between independent 
analyses is important as implementation of the NCS progresses. A complete list together with a shapefile 
of the prioritized properties within the Namoi CMA boundary that appeared in each of the top five near-
optimal solutions, together with their selection frequency over 100 runs, is shown in the electronic 
appendix 8.5; e2. 
 
Figure 3.10 Detail of the Namoi section of the Western Woodlands Way, showing existing protected 
areas (hatched), existing woodland that is locked into the analysis (dark green) or available for selection 
as part of the best solution (light green), and the condition (woody/native) of the remaining area (lime 
green and light and dark brown). Revegetation to expand and connect these woodland blocks has 
emerged as a priority for improving connectivity across the WWW as a whole. 
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3.3.3.4 Border Rivers / Gwydir 
 
Border Rivers / Gwydir has a large number of high priority sites for revegetation, consistently appearing 
the many of the near-optimal solutions produced by the Marxan analysis (figure 3.11). This suggests that 
BRG is an important CMA for meeting the joint objectives of increasing the extent of species’ 
distributions and enhancing connectivity across the Western Woodlands Way. The priorities build on the 
foundation of the existing protected area estate within the region, and highlight ways in which existing 
blocks of native woodland can be enlarged and connected with other blocks. A complete list together 
with a shapefile of the prioritized properties within the Border Rivers / Gwydir CMA boundary that 
appeared in each of the top five near-optimal solutions, together with their selection frequency over 
100 runs, is shown in the electronic appendix 8.5; e2. 
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Figure 3.11 Detail of the Border Rivers / Gwydir section of the Western Woodlands Way, showing 
existing protected areas (hatched), existing woodland that is locked into the analysis (dark green) or 
available for selection as part of the best solution (light green), and the condition (woody/native) of the 
remaining area (lime green and light and dark brown). Revegetation to expand and connect these 
woodland blocks has emerged as a priority for improving connectivity across the WWW as a whole. 
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3.4 Discussion 
 
Our analysis achieves the joint objectives of (i) expanding species’ distributions through revegetation 
based on the pre-clearance distribution of native woodland and (ii) doing this in a way that maximizes 
connectivity among habitat patches in the result. This has advantages over using either method in 
isolation, because improving connectivity alone without reference to underlying historical distributions 
overlooks variation in the value of different parts of a landscape in achieving a defined biodiversity 
objective. Conversely, considering biodiversity representation alone might lead to unnecessarily low 
connectivity in the resulting network of revegetation sites, reducing the chance of individual restoration 
projects succeeding and perhaps constraining responses by species to future environmental change. 
 
Our analysis points to a concentration of important sites in the north of the Western Woodlands Way, 
although priority properties are located throughout the region. This only partially reflects the greater 
coverage by woodland in the north of the region, because an unconstrained analysis where heavily 
cropped or urban land parcels were not excluded from consideration showed a broadly similar pattern. 
Indeed, the geographic scope of an analysis of this kind is important to interpreting its results. We have 
presented individual prioritization broken down by CMA boundary but it is important to note that 
individual implementation of these plans wouldn’t necessarily lead to an overall coherent solution. 
Connectivity is fundamentally about a coherent network of woodland sites where the whole is more 
than the sum of the parts, and so collaboration among the CMAs during the updating and implementing 
phases of this work will be key to the success of the overall programme. 
 
One key feature of this broad-scale prioritization is that area and connectivity in the solution both 
increase together. That is to say that a highly connected solution necessarily means revegetating over a 
much larger area and that there is a trade-off between increasing the extent of suitable habitat for 
species and ensuring connectivity alone. Research has generally shown that habitat loss rather than 
reduced connectivity has been by far the most important driver of species extinctions (Pimm et al. 
2006), though synergies with other drivers can be important as species near the final extinction phase 
(Brook et al. 2008). As such, a balance must be struck between restoring habitat extent and increasing 
connectivity when implementing expensive revegetation programmes. Simply drawing connections on a 
map, or basing them simply on physical landscape characteristics is unlikely to result in a good 
conservation plan. 
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Clearly, recolonization of revegetated remnants is necessary if their potential is to be realized. There will 
be a time lag between commencing revegetation activity, producing high quality vegetation patches, 
and recolonization by those patches of the target species. These lags, and additional problems caused by 
landscape degeneration and loss of fertility during the period of clearance conspire to make restoration 
on this kind of scale a difficult problem (Mac Nally 2008). While this robust regional-scale prioritization is 
certainly the correct place to start, careful attention will need to be paid to differential time-lags across 
different parts of the landscape, and the feasibility of achieving restoration across the suite of 
properties. 
 
Landscape-scale restoration, then, is not easy. Hydrologies have been altered, vegetation communities 
have senesced, and in many ways restoration might best be done precisely in the best high fertility 
agricultural areas to minimize time-lags and maximize the probabilities of successful vegetation 
regeneration (Mac Nally 2008). As such, careful analysis of local conditions is necessary to direct 
restoration efforts to those parts of a property where they will be most likely to succeed for a 
reasonable cost. Phase III of this project will set out a formal mechanism for iterating both the broad-
scale and fine-scale components of the analysis to update plans as constraints and opportunities are 
identified. 
 
4 Fine-scale conservation evaluation 
 
A conservation evaluation was developed for the WWW based on metapopulation modelling of the 
persistence of the 40 fauna species (see table 4.1) many of which are threatened. Habitat requirements 
and preference information as well as movement ability information was gathered for the project from 
fauna experts (see figure 4.1).  The species included in the analysis represent a large range of spatial 
scales in terms of their movement abilities and areal habitat requirements (see figure 4.2) as well as 
habitat type preferences. This set of species are therefore, collectively, very likely to span the habitat 
and spatial requirements of a number of other species. 
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Table 4.1 Species modelled in the conservation evaluation. For the regent honeyeater and the superb 
parrot, separate models were developed for breeding and non-breeding phases. 
Code Scientific name Common name – analysis entity 
1 Petaurus norfolcensis Squirrel Glider 
2 Phascolarctos cinereus Koala 
3 Saccolaimus flaviventris Yellow bellied Sheathtailed bat  
4 Nyctophilus timoriensis Greater long-eared bat 
5 Ninox connivens Barking Owl 
6 Melithreptus gularis gularis Black-chinned honeyeater 
7 Climacteris picumnus Brown Treecreeper 
8 Falcunculus frontatus whitei Crested Shrike-tit 
9 Stagonopleura guttata Diamond Firetail 
10 Artamus cyanopterus Dusky Woodswallow 
11 Pachycephala inornata Gilberts Whistler 
12 Calyptorhynchus lathami Glossy Black Cockatoo 
13 Pomatostomus temporalis Grey-crowned Babbler 
14 Melanodryas cucullata Hooded Robin 
15 Microeca fascinans Jacky Winter 
16 Glossopsitta pusilla Little Lorikeet 
17 Hieraaetus morphnoides Little Eagle 
18 Turnix varia Painted Button-quail 
19 Grantiella picta Painted Honeyeater 
20 Petroica goodenovii Red-capped Robin 
21 Xanthomyza Phrygia Regent Honeyeater BREEDING 
22 Xanthomyza Phrygia Regent Honeyeater NON BREEDING 
23 Myiagra inquieta Restless Flycatcher 
24 Cincloramphus mathewsi Rufous Songlark 
25 Chthonicola sagittata Speckled Warbler 
26 Lophoictinia isura Square-tailed Kite 
27 Polytelis swainsonii Superb Parrot BREEDING 
28 Polytelis swainsonii Superb Parrot NON BREEDING 
29 Lathamus discolour Swift parrot 
30 Neophema pulchella Turquoise Parrot 
31 Anomalopus mackayi Five-clawed Worm-skink 
32 Brachyurophis australis Coral snake/Eastern Shovel-nosed snake 
33 Delma inornata Olive legless lizard 
34 Dendrelaphis punctulatus Common tree snake 
35 Hoplocephalus bitorquatus Pale-headed Snake 
36 Lerista bougainvillii Bougainville's skink 
37 Morelia spilota variegate Carpet Pythons 
38 Parasuta dwyeri Dwyer's snake 
39 Pseudechis guttatus Spotted black snake 
40 Pseudechis porphyriacus Red-bellied black snake 
41 Ramphotyphlops proximus Woodland Blind Snake 
42 Vermicella annulata Bandy-Bandy 
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Figure 4.1 The relationship between prioritisation and evaluation modelling in WWW. 
 
 
Figure 4.2 Chart illustrating the range of spatial scales represented by the 40 species in terms of day-to-
day movement, dispersal distance and Minimum Viable Habitat Area (represented by bubble size) for a 
population. Bubbles are labelled with species codes from Table 1. 
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The habitat and spatial information was used within the REMP metapopulation modelling technique 
(Drielsma & Ferrier 2009). REMP builds on the approach developed for catchment scale planning west of 
the dividing range in NSW (Ardill 2004; Ellis et al. 2007). It extends this work by adding the ability to map 
estimated occupancy rate for species across a region and by estimating the Metapopulation Capacity 
(MPC) of the region for each entity. 
 
Occupancy mapping indicates the proportion of time that each location across the region is expected to 
be occupied based solely on the biology of the species and landscape habitat characteristics: habitat 
type, habitat condition and the spatial arrangement of habitat (shape, size and connectivity to other 
habitat). MPC is a single metric that indicates whether the region is capable of supporting a population 
(if it does, some occupancy will be predicted) and how far the landscape is from the extinction threshold 
(a point where the amount of habitat available or its connectivity is insufficient to support a viable 
population). 
 
REMP operates with raster spatial data at relatively high resolution, where required. The resolution of 
the analysis (grid cell size) is set to a level that is relevant to the species, with the upper limit (highest 
resolution or smallest cell size) set by the resolution of the vegetation community mapping. There is no 
upper limit to the number of planning units (gridcells) within the analysis. It is therefore possible to 
interpret the region at a resolution well below the property scale for more detailed planning of 
conservation actions at that level while being informed by landscape-scale processes such as foraging 
and dispersal. 
 
The REMP models were embedded into a scenario evaluation framework. For each species, habitat 
quality and movement ability (permeability) was expert derived for each combination of vegetation 
community (see appendix 8.3) and landuse mapping (see table 4.2; landuse is used as a surrogate for 
habitat condition). While this form of habitat modelling is less rigorous that the statistical modelling 
used for the Marxan-based prioritisation, this framework allows new habitat quality and movement 
ability maps to be readily produced from landuse scenarios. The habitat quality and movement abilities 
along with minimum areal habitat requirements for persistence of a population (table 4.3) can then be 
used within REMP to estimate the likelihood of persistence of each entity arising form any scenario. 
Another set of ‘geometric’ parameters for configuring the model are also assigned. These parameters 
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govern how the landscape is read within the modelling process and is largely a function of the 
movement abilities of the species and the spatial arrangement of habitat in the region. The parameters 
used to inform the REMP modelling are presented in table 4.3, appendix 8.3 and appendix 8.4. 
 
Table 4.2 Landuse classes. 
Landuse class Description 
1 Best condition – managed for conservation 
2 State forest with logging 
3 State forest with logging and grazing 
4 Strategically grazed (cell grazing, crash grazing or reduced grazing 
5 Standard grazing 
6 Standard grazing with tree cover reduced to scattered trees 
 
 
Table 4.3 Fauna parameters – Biological. 
Minimum Viable Habitat area (MVH). Minimum area (in Hectares) of ‘ideal’ habitat of ideal shape 
(assumed circular) needed to support a population indefinitely (ignoring major calamities). 
Average day-to-day movement (1/α) ability for every combination of landuse and vegetation 
community (up to 732 parameters per species). The probability of a successful movement (w) is 
described by the negative exponential function: w = e-αd, where d is the effective distance. 
Average dispersal movement ability through every combination of landuse and vegetation community 
(up to 732 parameters per species). The probability of a successful movement (p) is described by the 
negative exponential function: p = e-αd, where d is the effective distance. 
Habitat value (on a scale between 0 and 100 ) for every combination of landuse and vegetation 
community (up to 732 parameters per species) 
 
 
58 
 
5 Synthesis of modelling components 
 
5.1 Overall modelling framework 
 
The overall modelling framework for the WWW was collaboratively developed by the DECC and the 
University of Queensland to provide two levels of analysis: 
 
 A broad-scale prioritisation of the WWW region which used properties as planning units. This 
work identified broad priority areas for conservation programs. The role of the prioritisation 
work would narrow the focus of subsequent more detailed analysis by identifying a subset of 
the WWW that would become the focus for stage 3. 
 
 A fine-scale evaluation framework for developing and testing landuse scenarios within the 
priority areas. The full extent of the WWW (and buffer) would still be used for context. 
 
These modelling tools provide the analysis required for the WWW to proceed to stage 3 where the 
theoretical work interfaces with land management. 
 
A possible overall modelling framework (subject to the formulation of stage 3) for the WWW is 
presented in figure 5.1. It involves the (now complete) process of broad-scale (property scale) 
prioritisation, used to establish where to conduct conservation auctions, through to the evaluation of 
bids using fine-scale (sub-property) scenario definition and evaluation within stage 3. Although the exact 
nature of stage 3 is yet to be determined, a Conservation Evaluation Framework (CEF) has been 
developed in stage 2 that can be employed to provide decision support in that process. The CEF is 
sufficiently flexible to be used in a number of ways such as part of an optimisation process, a 
prioritisation process or a scenario evaluation process. 
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Figure 5.1 A framework for restoration activity in the Western Woodlands Way. 
 
 
 
The steps in the overall process are: 
 
(a) Stage 1 – Broad Landscape-level Prioritisation 
A conservation priority map was based on the ‘selection frequency’ of a number of MARXAN 
optimisations. This work has been completed (see sectionX) 
 
(b) Stage 1 – Derivation of Priority Areas 
Priority areas are manually delineated around areas where priorities were concentrated. Information is 
now available to define these areas. Each priority area (possibly one per CMA within the WWW) will 
progress to having a conservation auction developed for that area. 
 
(c) Stage 2 – Elicit Bids 
Not undertaken as part of current stage. Bids for conservation work can be elicited from within the 
priority areas as part of a conservation auction (stage 3 of the WWW). 
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(d) Stage 2 – Bids received 
Bids from individual landholders will include a proposed action(s), including the location(s) of the actions 
and the funds required for the action. 
 
(e) Stage 2 – Conservation evaluation/optimisation 
Individual conservation actions can be evaluated individually or can be evaluated collectively as part of 
an optimisation process. This stage, especially within a phased (greater than one) auction process can be 
used to coerce participants into colluding with neighbouring landholders to improve the connectivity of 
habitat networks (Reeson et al. 2008; Reeson & Williams 2008; Williams et al. in prep.).  
 
(f) Stage 2 – Bids selected and funded 
At this point the conservation action becomes operational. The results of the action may take many 
years to realise their full benefits. However, temporal aspects are not as yet factored in to the WWW 
process. All evaluations are based on expected long-term equilibrium values associated with each 
vegetation-landuse combination. 
 
(g) Next iteration of process 
The conservation outcome is defined by the evaluation of the set of successful bids 
 
Once a set of conservation actions are funded conservation priorities will shift and will need to be 
recalculated for the next round of any investment process. 
 
5.2 Modelling components 
 
The general template for biodiversity modelling in this project is presented in Figure 5.2. In each case 
this centres around measuring a conservation outcome based on the evaluation of a scenario. This 
evaluation can act as a stand alone method or as part of a higher-level method such as a prioritisation or 
optimisation. 
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Figure 5.2 General template for biodiversity modelling. 
 
 
There are three modelling frameworks employed in the WWW and employed generally in conservation 
planning: 
 
 A stand-alone evaluation. This is the basic component of all frameworks. A scenario in this case 
is either the current state of the system – the extent and condition of vegetation and habitat – 
or a potential scenario composed of a mix of the current state and some possible or planning 
changes to the system e.g. a range of conservation actions and mechanisms at various locations 
combined with conversion of native vegetation to agriculture or urban development at other 
locations. In the latter case alternative scenarios can be compared in terms of their conservation 
outcomes. Another approach is to test the overall outcome of a mix of actions then compare to 
outcome to the ‘current’ scenario in order to determine the net conservation outcome e.g. 
determine if the scenario ‘maintains or improves’ the status of biodiversity in a region. 
 
 Prioritisation (Ferrier et al. 2009) is typically achieved by iterating systematically through a range 
of automatically generated, synthetic scenarios. In the WWW stage 1 analysis the derivation of 
priority areas was determined by the selection frequency of properties across repeated 
optimisations (see section 3.2.3.4). 
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 Optimisation involves the repeated generation and evaluation of synthetic scenarios where the 
optimisation algorithm (e.g. simulated annealing) progressively moves the test scenarios 
towards an optimal solution i.e. the best set of actions based on an objective function 
(Possingham et al. 2000). Repeated optimisation techniques can be used to generate a map of 
‘irreplaceability’, how likely a location is need to reach the objective. Irreplaceability in this 
context can be a useful surrogate for priority. Optimisations are also particularly suited to 
automatically selecting a set of bids within a competitive auction because, within this context, 
any resulting optimal solution is composed solely of conservation actions that have been put 
forward by willing landholders at a price acceptable to them. 
 
In conclusion, we show in figure 5.3 the carriage of the conservation evaluation process through to 
auction. 
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Figure 5.3 Hypothetical carriage of WWW process through to auction: broad-scale prioritisation using 
properties as planning units (top), selection of priority areas (centre) and conservation auction bids 
(bottom). The bids are evaluated in terms of their contribution to the persistence of the fauna species. 
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8 Appendices 
 
8.1 Vegetation types 
 
List of extant vegetation types and their extent within the study area. Excepting the codes for unknown 
vegetation cover (-100) and no vegetation (-999), these equate to Keith Classes (Keith 2002). 
 
Code Description # polygons Total area (km
2
) 
1 Subtropical Rainforests 107 7.48 
4 Dry Rainforests 211 11.64 
10 Northern Tableland Wet Sclerophyll Forests 518 116.33 
11 Southern Tableland Wet Sclerophyll Forests 2 0.21 
27 Northern Tableland Dry Sclerophyll Forests 4568 511.27 
28 Southern Tableland Dry Sclerophyll Forests 2343 589.45 
29  Western Slopes Dry Sclerophyll Forests 1 0.00E+00 
29 Western Slopes Dry Sclerophyll Forests 51875 8982.46 
29 Western Slopes Grassy Woodlands 3 1.39 
30 Pilliga Outwash Dry Sclerophyll Forests 18248 5178.5 
33 Northern Montane Heaths 706 110.55 
40 Tableland Clay Grassy Woodlands 13 2.43 
41 New England Grassy Woodlands 68 19.04 
42 Western Slopes Grassy Woodlands 42232 6377.02 
44 Western Peneplain Woodlands 491 99.8 
45 Subalpine Woodlands 1 0.01 
46 Temperate Montane Grasslands 143 138.35 
47 Semi-arid Floodplain Grasslands 546 279.03 
51 Eastern Riverine Forests 4162 143.89 
52 Inland Riverine Forests 7491 467.54 
53 Inland Floodplain Woodlands 1279 20.88 
55 Montane Bogs and Fens 53 4.92 
59 Riverine Chenopod Shrublands 4 0.02 
62 Sand Plain Mallee Woodlands 117 8.37 
68 New England Dry Sclerophyll Forests 894 178.01 
84 Upper Riverina Dry Sclerophyll Forests 27761 501.32 
86 Southern Tableland Grassy Woodlands 26373 1173.97 
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89 Inland Rocky Hill Woodlands 1822 207.04 
90 Riverine Plain Woodlands 662 74.01 
92 Inland Floodplain Shrublands 6 1.05 
94 Subtropical Semi-arid Woodlands 3 0.05 
97 North-west Floodplain Woodlands 236 87.51 
101 Brigalow Clay Plain Woodlands 1296 495.37 
102 North-west Plain Shrublands 3 0.05 
106 Yetman Dry Sclerophyll Forests 2999 1072.43 
107 North-west Alluvial Sand Woodlands 61 35.23 
108 Inland Floodplain Swamps 1131 218.63 
109 Floodplain Transition Woodlands 28967 1062.09 
110 Western Slopes Grasslands 19525 12573.11 
113 North-west Slopes Dry Sclerophyll Woodlands 26005 5161.98 
119 Western Vine Thickets 518 106.55 
-100 Probably vegetated, but type unknown 1987 892.21 
-999 Not native vegetation - 28513.81 
 
8.2 Input files for Marxan analysis 
 
See Game & Grantham (2008) for full details on file structure, and how they are used to perform a 
Marxan analysis. Full electronic versions of these files are provided in the electronic appendix 
accompanying this report (see appendix 8.2 and appendix 8.5; e1). 
 
8.2.1 Conservation features file 
 
This file contains information about each of the conservation features being considered, including their 
name, target representation, and the penalty if the representation target is not met (fieldname: SPF). It 
has the default name ‘spec.dat’. Because of this name it is sometimes referred to as the Species File, 
although conservation features can also be surrogates such as habitat type rather than actual species. 
Importantly, this file does not contain information on the distribution of conservation features across 
planning units. This information is held in the Planning Unit versus Conservation Feature File (see below). 
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Species ID Target (ha) SPF Species Name 
1 1052146.158 1.88 Bandy_Bandy 
2 522066.0392 3.14 Barking_Owl 
3 674534.6406 1.83 Black_chinned_Honeyeater 
4 1315392.313 0.09 Brown_Treecreeper 
5 891442.8151 2.54 Carpet_Python 
6 417253.9963 3.46 Common_Tree_Snake 
7 1086580.943 1.25 Coral_Snake 
8 961371.5298 0.81 Diamond_Firetail 
9 1238121.723 0.16 Dusky_Woodswallow 
10 754539.7403 2.15 Dwyers_Snake 
11 1049040.002 2.33 Eastern_long_eared_bat 
12 1028492.057 0.89 Eastern_Shriketit 
13 649377.0318 2.14 Five_clawed_Worm_skink 
14 240237.0273 3.13 Gilberts_Whistler 
15 867777.8125 2.37 Glossy_Black_Cockatoo 
16 1058306.612 0.98 Grey_crowned_Babbler 
17 1010087.24 0.55 Hooded_Robin 
18 1324676.858 0 Jacky_Winter 
19 831799.6413 2.58 Koala 
20 1004914.296 0.65 Little_eagle 
21 1180561.425 0.77 Little_Lorikeet 
22 1148577.955 1.26 Painted_button_quail 
23 1213888.6 1.33 Painted_Honeyeater 
24 749211.1458 2.19 Pale_headed_Snake 
25 601148.4041 1.73 Patternless_Delma 
26 1151492.009 0.66 Proximus_Blind_Snake 
27 576669.0496 2.81 Red_bellied_Black_Snake 
28 949534.6878 0.83 Red_capped_Robin 
29 697970.5043 1.7 Regent_Honeyeater 
30 1217762.709 0.05 Restless_Flycatcher 
31 957846.195 0.28 Rufous_Songlark 
32 835449.7847 2.84 South_eastern_Slider 
33 1444789.841 0.3 Speckled_Warbler 
34 1130044.992 0.69 Spotted_Black_Snake 
35 1026521.18 1.67 Square_tailed_Kite 
36 1010917.958 1.94 Squirrel_Glider 
37 335882.5367 2.11 Superb_Parrot 
38 294777.3162 2.65 Swift_Parrot 
39 1308665.495 0.68 Turquoise_Parrot 
40 1088167.901 1.45 Yellow_bellied_sheath_tailed_bat 
 
 
8.2.2 Planning Unit file 
 
This file contains all the information related to planning units, except for the distribution of conservation 
features across planning units (which is held in the Planning Unit versus Conservation Feature File). The 
default name for this file is ‘pu.dat’. The Planning Unit File can contain up to five variables, although only 
one of these (‘id’) is required. When included, each of these variables is presented in a column with the 
name of that variable as the column header. This table shows the first 50 planning units by way of 
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example. The full file is included in the electronic appendices accompanying this report (appendix 8.5; 
e1). 
 
Planning Unit 
ID 
Cost ($) Status X centroid (m) Y centroid (m) 
1 23562.96551 3 644466.0809 6200729.397 
2 194469.0125 3 646495.5515 6200183.59 
3 1122582.973 3 648540.2134 6199797.528 
4 209491.9351 3 650000.5768 6199526.349 
5 58911.27345 3 639299.6128 6203117.825 
6 707527.4976 3 641174.1563 6202704.224 
7 956611.3211 3 643280.8156 6202178.925 
8 51075.80619 3 646325.7844 6201785.77 
9 692598.1613 3 648248.4144 6201718.802 
10 6362.019216 3 650874.0829 6202380.188 
11 56325.0919 3 634376.6243 6205653.498 
12 506203.1864 3 636209.9163 6205173.8 
13 676322.2829 3 638528.4489 6204524.664 
14 845757.155 3 640733.6243 6204210.399 
15 182509.9623 3 642914.8485 6204251.07 
16 89241.67761 3 646397.3334 6205517.154 
17 265462.3026 3 648355.1428 6204255.727 
18 16127.39907 3 651233.1867 6204264.222 
19 25083.71842 3 629520.0009 6208171.129 
20 177665.0347 3 630609.7016 6207787.046 
21 479367.3641 3 633986.2312 6206824.265 
22 909110.7693 3 635904.4074 6206947.13 
23 368471.3721 3 639087.4018 6206952.329 
24 516234.2509 3 640404.2098 6206937.598 
25 216879.6605 3 643960.9574 6207613.98 
26 546394.9653 3 645942.3751 6206764.417 
27 113723.3747 3 647943.9711 6206466.964 
28 22901.03967 3 650846.7233 6207157.006 
29 12261.88614 3 652880.5437 6207081.051 
30 12387.30134 3 624518.4756 6210728.727 
31 131517.9483 3 626375.7981 6210133.83 
32 187688.9647 3 627928.4327 6209933.912 
33 307909.4309 3 630530.7775 6209250.843 
34 41124.58406 3 633688.7339 6209666.339 
35 233591.678 3 636029.023 6209408.322 
36 119715.1087 3 638419.2478 6209259.955 
37 88740.15718 3 640756.0419 6209844.748 
38 99385.28099 3 644018.0387 6208871.695 
39 94213.17408 3 645494.1457 6208922.693 
40 89286.5197 3 647790.5292 6209716.044 
41 34467.52561 3 653943.5222 6209895.915 
42 241923.3713 3 621426.5433 6212791.065 
43 428028.6693 3 623428.5429 6212574.56 
44 192725.4555 3 625609.5142 6212702.242 
45 390778.9854 3 628627.8621 6211658.156 
46 322549.3208 3 631149.6357 6212413.807 
47 142093.1545 3 633347.132 6212628.678 
48 472392.3234 3 636050.2144 6212489.191 
49 261303.9601 2 638423.8025 6212825.053 
50 117983.3727 3 641326.2672 6212262.375 
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8.2.3 The Planning Unit versus Conservation Feature File 
 
This file contains information on the distribution of conservation features across planning units. It has 
the default file name, ‘puvpsr2.dat’. It contains three columns, all of which are required. The file starts 
with a header row which contains the name of each of the three variables, ‘species’, ‘pu’ and ‘amount’. 
Each subsequent row then contains an id for a conservation feature (under the header ‘species’), a 
planning unit id (under the header ‘pu’), and a value for the amount of that conservation feature found 
in that planning unit (under the header ‘amount’). Thus there will be one row for each time a feature 
occurs in a planning unit. There are no default values for this file and any missing data or incorrect 
headers will prevent Marxan from running. This table shows the first 65 rows by way of example. The 
full file is included in the electronic appendices accompanying this report (see appendix 8.5; e1). 
 
Species ID Planning Unit Amount (ha) 
1 1 0.404641 
2 1 0.0283414 
3 1 1.87599 
4 1 4.87741 
5 1 0.11438 
6 1 0.0468598 
7 1 1.05647 
8 1 5.34522 
9 1 4.06448 
12 1 2.87164 
10 1 0.540939 
11 1 0.0906518 
13 1 1.06483 
14 1 0.306782 
15 1 0.392962 
16 1 1.38157 
17 1 4.25948 
18 1 3.50287 
19 1 0.129808 
20 1 1.01554 
21 1 4.42944 
22 1 1.88773 
23 1 0.778566 
24 1 0.00893536 
25 1 6.49074 
26 1 3.7029 
27 1 3.12127 
28 1 1.25863 
29 1 1.19702 
30 1 3.27662 
31 1 4.0246 
32 1 0.0354102 
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33 1 2.43111 
34 1 1.22574 
35 1 0.376996 
36 1 0.430803 
37 1 2.50945 
38 1 2.94776 
39 1 1.65048 
40 1 0.389404 
1 2 5.10708 
2 2 0.307958 
3 2 19.5035 
4 2 38.0119 
5 2 0.979517 
6 2 1.88564 
7 2 8.76808 
8 2 49.5965 
9 2 38.8879 
12 2 20.0244 
10 2 15.4568 
11 2 1.43495 
13 2 8.79766 
14 2 8.64594 
15 2 4.60226 
16 2 14.0959 
17 2 37.3454 
18 2 26.8739 
19 2 0.707309 
20 2 17.5291 
21 2 40.4677 
22 2 26.8592 
23 2 20.5392 
24 2 0.0815352 
25 2 48.1118 
 
 
 
8.2.4 Boundary Length File 
 
The Boundary Length File contains information about the length or ‘effective length’ of shared 
boundaries between planning units. This file is necessary when using the Boundary Length Modifier (see 
Section 3.2.3.3) to improve the compactness of reserve solutions. It is not necessary to specify boundary 
lengths for all planning units (where they are not specified, Marxan will assume there is no boundary 
between planning units). However any missing values within the file will prevent Marxan from running, 
for instance if ‘id1’ and ‘id2’ are set but no value for ‘boundary’ is entered. This table shows the first 50 
planning units by way of example. The full file is included in the electronic appendices accompanying 
this report (see appendix 8.5; e1). 
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Planning Unit 1 Planning Unit 2 Boundary Length (m) 
1 1 0 
1 2 150 
1 7 501 
1 11113 270 
2 2 0 
2 3 1386 
2 8 181 
2 11113 3895 
3 3 0 
3 4 1895 
3 9 1850 
3 10953 1181 
4 4 0 
4 10953 804 
5 5 0 
5 6 656 
5 13 1302 
6 6 0 
6 7 1732 
6 14 2500 
7 7 0 
7 8 75 
7 15 673 
7 11113 10103 
8 9 1066 
8 16 20 
8 11113 5175 
8 11255 5255 
9 9 0 
9 17 792 
9 10953 955 
9 11117 2127 
9 11255 4406 
10 10 0 
10 18 47 
10 10953 1537 
10 11117 3200 
10 11324 378 
11 11 0 
11 12 565 
11 21 1079 
12 12 0 
12 13 1873 
12 22 2500 
13 13 0 
13 14 2500 
13 23 1770 
13 6880 10344 
14 15 979 
14 24 550 
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8.3 Vegetation classes for modelling habitat quality 
 
Vegetation classes used for modelling fauna species habitat quality. Attributes include Broad Vegetation 
Type (BVT), Regional Vegetation Community (RVC), Keith Class and Keith Vegetation Formation (Keith 
2002). 
 
GCODE BVT RVC  DESCRIPTION Keith Class Vegetation 
Formation 
1  35 Mountain Gum - Snow Gum open forest; Nandewar 
and New England Tablelands 
New England Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
2  37 New England Blackbutt grassy open forest; eastern 
New England Tablelands 
New England Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
3  40 Stringybark - Blakely's Red Gum open forest; New 
England Tablelands 
New England Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
4  36 Stringybark - gum – peppermint open forest of the 
eastern New England Tablelands 
New England Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
5  38 Stringybark open forest; Brigalow Belt South;  
Nandewar and western New England Tablelands 
New England Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
6  39 Tenterfield Woollybutt - Silvertop Stringybark open 
forest; New England Tablelands 
New England Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
7  49 Black Cypress Pine - Orange Gum - Tumbledown Red 
Gum shrubby woodland; Nandewar and western 
New England Tablelands 
Northern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
8  52 Nandewar Box - stringybark open forest in the 
Kaputar area; Nandewar 
Northern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
9  51 New England Blackbutt - stringybark open forest; 
Nandewar and western New England Tablelands 
Northern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
10  53 Round-leaved Gum shrubby woodland and forest in 
the Torrington area; New England Tablelands 
Northern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
11 45 50 Stringybark - Blakely's Red Gum - Rough-barked 
Apple open forest; Nandewar and western New 
England Tablelands 
Northern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
12  42 Grey Box open forest; northern Nandewar and New 
England Tablelands 
North-west Slopes Dry 
Sclerophyll Woodlands 
Dry Sclerophyll 
Forests (grassy) 
13 52  Mock Olive - Wilga - Red Ash shrubland North-west Slopes Dry 
Sclerophyll Woodlands 
Dry Sclerophyll 
Forests (grassy) 
14  43 Mugga Ironbark shrubby open forest; Nandewar North-west Slopes Dry Dry Sclerophyll 
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GCODE BVT RVC  DESCRIPTION Keith Class Vegetation 
Formation 
Sclerophyll Woodlands Forests (grassy) 
15 79  Scribbly Gum - White Bloodwood open-forest North-west Slopes Dry 
Sclerophyll Woodlands 
Dry Sclerophyll 
Forests (grassy) 
16 82  Slaty Box woodland North-west Slopes Dry 
Sclerophyll Woodlands 
Dry Sclerophyll 
Forests (grassy) 
17  45 Stringybark – Spinifex woodland; Nandewar North-west Slopes Dry 
Sclerophyll  
Dry Sclerophyll 
Forests (grassy) 
18 18; 
81 
44 White Box - pine - Silver-leaved Ironbark shrubby 
open forest; Nandewar 
North-west Slopes Dry 
Sclerophyll Woodlands 
Dry Sclerophyll 
Forests (grassy) 
19 45; 
18; 
80 
41 White Box - stringybark shrubby woodlands; Brigalow 
Belt South and Nandewar 
North-west Slopes Dry 
Sclerophyll Woodlands 
Dry Sclerophyll 
Forests (grassy) 
20 77  White Box - White Cypress Pine woodland North-west Slopes Dry 
Sclerophyll Woodlands 
Dry Sclerophyll 
Forests (grassy) 
21 19 32 Box- White Cypress Pine grassy woodland In the 
Pilliga area and Liverpool Range; Brigalow Belt South 
Pilliga Outwash Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
22 9 31 Broombush shrubland of the Pilliga region; Brigalow 
Belt South 
Pilliga Outwash Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
23 16; 
10 
33 Ironbark shrubby woodland; Brigalow Belt South Pilliga Outwash Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
24 67  Monkey Scrub woodland on alluvial sandy lenses Pilliga Outwash Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
25 16  Narrow-leaved Ironbark - Pilliga Box - Bulloak open-
forest 
Pilliga Outwash Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
26  34 Spinifex - Bulloak hummock grassland/woodland; 
Darling Riverine Plains and Brigalow Belt South 
Pilliga Outwash Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
27 41  Stringybark - Box - Gum Woodland Upper Riverina Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
28 42  Tumbledown Red Gum - Black Cypress Pine - Red Box 
low woodland on hills 
Upper Riverina Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (grassy) 
29  46 Mallee shrubland on granite outcrops; eastern New 
England Tablelands 
Northern Escarpment 
Dry Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
30  47 Narrow-leaved Peppermint - Wattle-leaved 
Peppermint open forest; eastern New England 
Tablelands 
Northern Escarpment 
Dry Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
31  48 New England Blackbutt - stringybark heathy open 
forest on granite; eastern New England Tablelands 
Northern Escarpment 
Dry Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
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GCODE BVT RVC  DESCRIPTION Keith Class Vegetation 
Formation 
32 7 7 Broad-leaved Peppermint - Long-leaved Box 
woodland of the tablelands 
Southern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
33 5  Red Stringybark (+/- Brittle Gum) open-forest Southern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
34 43  Scribbly Gum - Brittle Gum - Box woodland Southern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
35 6  Scribbly Gum woodland Southern Tableland Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
36 2  Sydney Sandstone woodland/open-forest Sydney Montane Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
37  55 Black Cypress Pine - Narrow-leaved Stringybark 
heathy woodland; southern Brigalow Belt South 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
38 80; 
15 
54 Black Cypress Pine shrubby woodland; Brigalow Belt 
South 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
39 10  Broad-leaved Ironbark open-forest Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
40 9  Broombush - Fringe Myrtle (+/- Dwyer's Red Gum) 
open-heathland of the Pilliga 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
41 8  Dry open-forest on ranges of the lower slopes 
(Hervey Ranges) 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
42 11  Heath Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
43 14; 
10 
56 Ironbark - Brown Bloodwood - Black Cypress Pine 
heathy woodland; Brigalow Belt South 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
44 12 59 Narrow-leaved Ironbark - pine woodland and open 
forest; Nandewar and Brigalow Belt South 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
45 13 57 Pilliga Box - ironbark shrubby open forest on sandy 
loams; Brigalow Belt South 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
46  58 Shrubby woodland or mallee on stoney soils; 
Brigalow Belt South and Nandewar 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
47 15 60 White Cypress Pine woodland on sandy loam; Darling 
Riverine Plains and Brigalow Belt South 
Western Slopes Dry 
Sclerophyll Forests 
Dry Sclerophyll 
Forests (shrubby ) 
48  61 Dirty Gum - pine - Smooth-barked Apple open forest; 
northern Brigalow Belt South and Nandewar 
Yetman Dry Sclerophyll 
Forests 
Dry Sclerophyll 
Forests (shrubby ) 
49 29  River Oak riparian woodland/forest of the slopes and 
tablelands 
Eastern Riverine Forests Forested Wetlands 
50  72 Bracteate Honey Myrtle riparian shrubland; Brigalow Inland Riverine Forests Forested Wetlands 
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GCODE BVT RVC  DESCRIPTION Keith Class Vegetation 
Formation 
Belt South 
51 29 71 River Oak riparian woodland; Brigalow Belt South and 
Nandewar 
Inland Riverine Forests Forested Wetlands 
52 30 73 River Red Gum riverine woodlands and forests; 
Darling Riverine Plains; Brigalow Belt South and 
Nandewar 
Inland Riverine Forests Forested Wetlands 
53  67 Eurah shrubland of inland floodplains; Darling 
Riverine Plains 
Inland Floodplain 
Shrublands 
Freshwater Wetlands 
55 1005 70 Inland wetlands and marshes; Darling Riverine Plains 
and Brigalow Belt South 
Inland Floodplain 
Swamps 
Freshwater Wetlands 
56 1005 69 Tall rushland; reedland or sedgeland of inland rivers; 
Darling Riverine Plains and Brigalow Belt South 
Inland Floodplain 
Swamps 
Freshwater Wetlands 
57  64 Fens and wet heaths; Nandewar and New England 
Tablelands 
Montane Bogs and Fens Freshwater Wetlands 
58  65 Basalt plateau lagoons; New England Tablelands Montane Lakes Freshwater Wetlands 
59  28 Derived grasslands derived grassland Grasslands 
60  91 Derived grasslands; New England Temperate Montane 
Grasslands 
Grasslands 
62 76  Central West tussock grasslands Western Slopes 
Grasslands 
Grasslands 
63 75 29 Plains Grass grassland; Brigalow Belt South and 
Nandewar 
Western Slopes 
Grasslands 
Grasslands 
64 72  Belah open shrubland/woodland on northern and 
central plains 
Floodplain Transition 
Woodlands 
Grassy Woodlands 
65 73  Bulloak - White Cypress Pine woodland Floodplain Transition 
Woodlands 
Grassy Woodlands 
66 59  Floodplain Complex (Central Lachlan ) Floodplain Transition 
Woodlands 
Grassy Woodlands 
67 69  Fuzzy Box woodland on flats and alluvial terraces 
(NOT ON TABLELANDS) 
Floodplain Transition 
Woodlands 
Grassy Woodlands 
68 74 21 Inland Grey Box grassy woodland; Brigalow Belt 
South and Nandewar 
Floodplain Transition 
Woodlands 
Grassy Woodlands 
69 71 22 Poplar Box - Belah woodland; Darling Riverine Plains 
and Brigalow Belt South 
Floodplain Transition 
Woodlands 
Grassy Woodlands 
70 70  Yellow Box woodland on flats and alluvial terraces of 
the slopes 
Floodplain Transition 
Woodlands 
Grassy Woodlands 
71  15 Bendemeer White Gum - stringybark grassy open New England Grassy Grassy Woodlands 
83 
 
GCODE BVT RVC  DESCRIPTION Keith Class Vegetation 
Formation 
forest; Nandewar and New England Tablelands Woodlands 
72  16 Box - gum grassy woodland; New England Tablelands New England Grassy 
Woodlands 
Grassy Woodlands 
73 46  Blakely's Red Gum - Yellow Box open-woodland of 
the tablelands 
Southern Tableland 
Grassy Woodlands 
Grassy Woodlands 
74 45  Red Stringybark - Blakely's Red Gum - Yellow Box 
woodland 
Southern Tableland 
Grassy Woodlands 
Grassy Woodlands 
75 26  Stringybark - Gum - Bundy forest (Coolah Tops) Southern Tableland 
Grassy Woodlands 
Grassy Woodlands 
76 25  High altitude gum tall open-forest on fertile soils of 
the central tablelands 
Subalpine Woodlands Grassy Woodlands 
77  13 Candlebark - Manna Gum woodland; New England 
Tablelands 
Tableland Clay Grassy 
Woodlands 
Grassy Woodlands 
78  14 New England Peppermint grassy woodland; New 
England Tablelands 
Tableland Clay Grassy 
Woodlands 
Grassy Woodlands 
79  12 Snow Gum - Black Sallee grassy woodland; New 
England Tablelands 
Tableland Clay Grassy 
Woodlands 
Grassy Woodlands 
80 69; 
46 
17 Box - gum grassy woodland; Nandewar Western Slopes Grassy 
Woodlands 
Grassy Woodlands 
81 18  Mixed Box - Red Gum - Rough Barked Apple 
woodlands of the slopes 
Western Slopes Grassy 
Woodlands 
Grassy Woodlands 
82 17 20 Rough-barked Apple - Blakely's Red Gum riparian 
grassy woodland; Nandewar 
Western Slopes Grassy 
Woodlands 
Grassy Woodlands 
83 77; 
78; 
18 
18 White Box grassy woodland; Brigalow Belt South and 
Nandewar 
Western Slopes Grassy 
Woodlands 
Grassy Woodlands 
84  19 White Cypress Pine - Silver-leaf Ironbark grassy 
woodland; Nandewar 
Western Slopes Grassy 
Woodlands 
Grassy Woodlands 
85  62 Shrublands of rocky areas; Nandewar and western 
New England Tablelands 
Northern Montane 
Heaths 
Heathland 
86  63 Tea-tree shrubland in drainage lines; Nandewar and 
New England Tablelands 
Northern Montane 
Heaths 
Heathland 
87  2 Dry rainforest of rocky areas; Nandewar Dry Rainforests Rainforests 
88  3 Dry Rainforest of the Liverpool Range; southern 
Brigalow Belt South and Nandewar 
Dry Rainforests Rainforests 
89  1 Dry Subtropical Rainforest of the Coolah Tops and 
Liverpool Range; Brigalow Belt South 
Subtropical Rainforests Rainforests 
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GCODE BVT RVC  DESCRIPTION Keith Class Vegetation 
Formation 
90  5 Ooline forest; Brigalow Belt South and Nandewar Western Vine Thickets Rainforests 
91  6 Semi-evergreen vine thicket; Brigalow Belt South and 
Nandewar 
Western Vine Thickets Rainforests 
92 64 79 Brigalow - Belah woodland on alluvial clay soil; 
Brigalow Belt South 
Brigalow Clay Plain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
93  80 Poplar Box grassy woodland on alluvial clay soils; 
Brigalow Belt South 
Brigalow Clay Plain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
94 31  Black Box woodland/forest of floodplains Inland Floodplain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
95 32  River Red Gum - Black Box woodland/forest on 
floodplains 
Inland Floodplain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
96  74 Yellow Box woodland on alluvial plains; Darling 
Riverine Plains 
Inland Floodplain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
97 31 77 Black Box woodland on floodplains; Darling Riverine 
Plains 
North-west Floodplain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
98 72 76 Coolibah - Poplar Box - Belah woodland on 
floodplains; Darling Riverine Plains and Brigalow Belt 
South 
North-west Floodplain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
99 61 78 Coolibah woodland of frequently flooded channels; 
Darling Riverine Plains 
North-west Floodplain 
Woodlands 
Semi-arid Woodlands 
(grassy) 
100 58 75 Weeping Myall open woodland; Darling Riverine 
Plains; Brigalow Belt South and Nandewar 
Riverine Plains 
Woodlands 
Semi-arid Woodlands 
(grassy) 
101 76 26 Dry grassland of alluvial plains; Darling Riverine Plains 
and Brigalow Belt South 
Semi-arid Floodplain 
Grasslands 
Semi-arid Woodlands 
(grassy) 
102 28 25 Mitchell Grass grassland of alluvial floodplains; 
Darling Riverine Plains and Brigalow Belt South 
Semi-arid Floodplain 
Grasslands 
Semi-arid Woodlands 
(grassy) 
104 49  Dry woodland on rocky hills Inland Rocky Hill 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
105 50  Tumbledown Red Gum - Belah - White Cypress Pine 
low woodland 
Inland Rocky Hill 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
106  85 Carbeen woodland; Darling Riverine Plains and 
Brigalow Belt South 
North-west Alluvial Sand 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
107 67 86 Dirty Gum tall woodland on sand monkeys; Darling 
Riverine Plains 
North-west Alluvial Sand 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
108  87 Silver-leaved Ironbark - White Cypress Pine on 
alluvial sandy loam; Darling Riverine Plains 
North-west Alluvial Sand 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
109 51  Green Mallee - White Mallee low woodland  of the Sand Plain Mallee Semi-arid Woodlands 
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GCODE BVT RVC  DESCRIPTION Keith Class Vegetation 
Formation 
Brigalow Belt Woodlands (shrubby ) 
110 38  Mallee woodland of sandplains and dunes Sand Plain Mallee 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
111  83 Silver-leaved Ironbark - Poplar Box woodland  on 
gravelly ridges; Darling Riverine Plains and Brigalow 
Belt South 
Subtropical Semi-arid 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
112 20  Grey Box - White Cypress Pine - Poplar Box - Smooth-
barked Coolabah on red earths 
Western Peneplain 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
113  81 Leopardwood woodland of alluvial plains; Darling 
Riverine Plains and Brigalow Belt South 
Western Peneplain 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
114 19; 
20 
82 Poplar Box - White Cypress Pine shrubby woodland; 
Darline Riverine Plains and Brigalow Belt South 
Western Peneplain 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
115 80  Stringybark - Ironbark - Hill Red Gum 
woodland/forest on volcanic ranges 
Western Peneplain 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
116 19  White Cypress Pine - Poplar Box - Bulloak woodland 
on footslopes and plains 
Western Peneplain 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
117 24 4 Wilga - Western Rosewood shrubland; Darling 
Riverine Plains and Brigalow Belt South   
Western Peneplain 
Woodlands 
Semi-arid Woodlands 
(shrubby ) 
118  11 Manna Gum ferny open forest in the Kaputar area; 
Nandewar 
Northern Tableland Wet 
Sclerophyll Forests 
Wet Sclerophyll 
Forests (grassy) 
119  9 Messmate-gum moist forest of the escarpment 
ranges; New England Tablelands 
Northern Tableland Wet 
Sclerophyll Forests 
Wet Sclerophyll 
Forests (grassy) 
120  10 New England Blackbutt - Round-leaved Gum open 
forest of the escarpment ranges; New England 
Tablelands 
Northern Tableland Wet 
Sclerophyll Forests 
Wet Sclerophyll 
Forests (grassy) 
121  7 Brown Barrel tall moist forest of the escarpment 
ranges; New England Tablelands 
Northern Escarpment 
Wet Sclerophyll Forests 
Wet Sclerophyll 
Forests (shrubby) 
122  8 Sydney Blue Gum - Tallowwood tall moist shrubby 
forest of the escarpment ranges; New England 
Tablelends 
Northern Escarpment 
Wet Sclerophyll Forests 
Wet Sclerophyll 
Forests (shrubby) 
0 0 0 No vegetation or non native   
998  998 Undetermined non-woody veg   
999  999 Undetermined woody veg   
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8.4 PETALS parameters 
 
A description of the PETALS approach can be found in documentation for the Terrestrial Bioforecasting 
Tool (New South Wales Department of Environment and Climate Change unpub.) 
 
HR_srcwin PETALS source window size (no. cells) for home-range calculations 
HR-destwin PETALS destination window size (no. cells) for home-range calculations 
HR-zratio Parameter for determining the rate of increase in ‘petal’ width with radius from focal cell 
MH_srcwin PETALS source window size (no. cells) for dispersal calculations 
MH-destwin PETALS destination window size (no. cells) for dispersal calculations 
 
8.5 List of electronic files accompanying this report 
 
Electronic files are located in the three folders, covering the Marxan prioritization inputs and software 
(appendix e1), the outputs of the Marxan analysis (appendix e2), and all spatial data used to construct 
the models as well as spatial GIS layers of the outputs (appendix e3). 
 
Appendix e1: Marxan prioritization inputs and software 
 
This folder contains the Marxan 2.11 software package together with all input files (found in the ‘input’ 
folder) exactly as they were used in the final report to produce the Marxan prioritization. The manual 
distributed with the Marxan 2.11 software package is also included (marxan_manual_1.8.10.pdf). 
 
Appendix e2: Output data from the Marxan broad-scale prioritization analysis 
 
The folder marxan_output contains all of the Marxan outputs for the result included in the final WWW 
report (for specifics concerning outputs see the manual included in e1). 
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Appendix e3: Spatial data 
 
All spatial outputs (all in ESRI Arc format and in the spatial projection GDA 1994 zone 55.) that were 
used in and/or produced as a result of the analysis are included here. Each file is described below.   
   
PlanningUnits: A polygon shapefile based on the 2006 cadastral property data for NSW (as provided by 
R.Taylor) which contains the set of 19,166 polygons that were used as planning units in the Marxan 
analysis (for more details about the processing of this data see Section 3.2.3.1).  The attribute table 
contains several fields most of which were used to determine the status of planning units for the 
Marxan analysis: 
 
wwwpuid:  A unique ID assigned (consecutively starting at 1) to each polygon and used as the 
Planning Unit ID in the Marxan analysis (can be joined with the ‘id’ field in the 
PlanningUnits_marxan shapefile). 
 
calcareaha: The area of each polygon in hectares as calculated in ArcMap using ‘Calculate 
Geometry’ tool.  
 
Urban: The percent area (0-100%) of each polygon covered by urban development.  The 
percentage was calculated by determining the area (in ha) of each polygon covered by urban 
development based on a raster dataset and then dividing by the total area of the polygon 
calculated according to the same raster dataset.  This percentage was used to ‘lock out’ all 
polygons that were covered by 10% or greater urban development in the Marxan analysis. 
 
Cropped: The percent area (0-100%) of each polygon covered by cropping.  The percentage was 
calculated by determining the area (in ha) of each polygon covered by cropping based on a 
raster dataset and then dividing by the total area of the polygon calculated according to the 
same raster dataset.  This percentage was used to ‘lock out’ all polygons that were covered 
by 80% or greater cropping in the Marxan analysis. 
 
WoodyNat: The percent area (0-100%) of each polygon covered by woody native vegetation.  The 
percentage was calculated by determining the area (in ha) of each polygon covered by woody 
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native vegetation based on a raster dataset (www_woodyVeg) and then dividing by the total 
area of the polygon calculated according to the same raster dataset.  This percentage was 
used to ‘lock in’ all polygons that were covered by 30% or greater woody native vegetation 
and were in a landscape of 30% or greater woody native vegetation (‘WoodyN_AWM’ field). 
 
WoodyNon: The percent area (0-100%) of each polygon covered by woody non-native vegetation.  
The percentage was calculated by determining the area (in ha) of each polygon covered by 
woody non-native vegetation based on a raster dataset (www_woodyVeg) and then dividing 
by the total area of the polygon calculated according to the same raster dataset.   
 
NwoodyNat: The percent area (0-100%) of each polygon covered by non-woody native vegetation.  
The percentage was calculated by determining the area (in ha) of each polygon covered by 
non-woody native vegetation based on a raster dataset (www_woodyVeg) and then dividing 
by the total area of the polygon calculated according to the same raster dataset. This 
percentage was used to ‘lock out’ all polygons that were covered by 80% or greater woody 
non-native vegetation. 
 
NwoodyNon: The percent area (0-100%) of each polygon covered by non-woody non-native 
vegetation.  The percentage was calculated by determining the area (in ha) of each polygon 
covered by non-woody non-native vegetation based on a raster dataset (www_woodyVeg)  
and then dividing by the total area of the polygon calculated according to the same raster 
dataset. 
 
WoodyN_AWM: The percent area (0-100%) of a circle with 5km radius centred on the centroid of 
each polygon that is covered by woody native vegetation.  This percentage was used to 
classify polygons that were in landscape covered by 30% or greater woody native vegetation 
and combined with those with 30% or greater woody native vegetation (‘WoodyNat’ field) 
were ‘locked in’ to the prioritization. 
 
Cost: A relative figure that scales with land value for each polyon (derived from UQ, unpublished 
data). 
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CMA: The name of the Catchment Management Authority the majority (50% or more of polygon 
area) of each polygon falls in. 
 
AddedPU: In order to run a Marxan analysis it was necessary to have a continuous planning unit 
data layer and thus we had to fill in any gaps in the original cadastral property with a grid.  
These ‘added’ polygons were all ‘locked out’ of the Marxan because they were not actual 
properties and this field codes those ‘added’ polygons with a ‘1’ and the original polygons 
from the cadastral property dataset with a ‘0’. 
 
PlanningUnits_marxan: A polygon shapefile based on the 2006 cadastral property data for NSW (as 
provided by R.Taylor) which contains the set of 19,166 polygons that were used as planning units in the 
Marxan analysis (for more details about the processing of this data see Section 3.2.3.1).  The attribute 
table contains several fields which all relate to the results or inputs of the Marxan analysis included in 
the final WWW report. 
 
id: A unique ID assigned (consecutively starting at 1) to each polygon and used as the Planning 
Unit ID in the Marxan analysis (can be joined with the ‘wwwpuid’ field in the PlanningUnits 
shapefile). 
 
Status: Each planning unit was assigned to one of three statuses for the Marxan analysis and this 
field contains integers that correspond to that status. 0 = Available for selection; 2 = Locked 
in; 3 = Locked out. 
selectFreq: An integer (0-100) that corresponds to the number of occasions a planning unit was 
included in the 100 solutions. 
 
bestSoln1–bestSoln5: The final Marxan analysis included 100 possible solutions and the following 
5 fields correspond to the top five Marxan solutions based on the efficiency with which they 
meet the stated objectives. 1 = planning unit was included in this solution; 0 = planning unit 
was not included in this solution. 
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Species: A point shapefile including all point locations (16,455) for all 40 species included in the analysis.  
These records were selected from the Atlas of New South Wales Wildlife dataset (see Section 3.2.1.1) 
and were then used in the models for the current and historic predicted species’ distributions. 
 
ID_marxan: Each species was assigned a unique ID (consecutively starting at 1) for the Marxan analysis 
and this field corresponds to that ID.  
 
www_currentVeg: A polygon shapefile showing the classified vegetation data. There are several fields in 
the attribute table but only the fields created and used for the purpose of this analysis are listed below. 
Others relate to RVC, Keith Class, BVT, and additional notes, which were all used to assign our final 
coarse coding to allow us to proceed with analysis (see section 3.2.1.2). 
 
CoarseCode: The vegetation type of each polygon corresponds to the Keith Class codes in this 
field, and was estimated using all available information. The following codes were added: -
100 = unknown; -999 = no vegetation. 
 
CoarseName: The full name of each vegetation type corresponding to the ‘CoarseCode’ field. 
 
Woody: Each polygon was classified as having ‘woody’ or ‘non-woody’ vegetation based on the 
Keith Class vegetation type as assigned in the ‘CoarseCode’ field: 0 = non-woody; 1 = woody;  
-999 = unknown. 
 
WoodyRast: Each polygon was classified as ‘woody’ or ‘non-woody’ according to majority 
coverage by the foliage projective cover dataset (see section 3.2.1.2). 0 = non-woody ; 1 = 
woody. 
 
NativeVeg: Each polygon was classified as having ‘native’ or ‘non-native’ vegetation based on the 
Keith Class vegetation type as assigned in the ‘CoarseCode’ field. 0 = non-native; 1 = native; -
100 = unknown. 
 
www_polygon: A single polygon showing the extent of the Western Woodlands Way study area used in 
this report. 
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www_histveg: Rasterized historic (pre-clearance) vegetation cover in WWW as classified by Keith Class 
codes (see Section 3.2.1.2). 
 
www_prsntveg: Rasterized present vegetation cover in WWW as classified by Keith Class codes (see 
Section 3.2.1.2). 
 
www_woodyveg: Rasterized present vegetation cover in four classes (see Section 3.2.1.2): 1 = non-
woody non-native; 2 = woody non-native; 3 = non-woody native ; 4 = woody native. 
 
 
